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(57) In an elevatorcontrol apparatus, calculations re- 
garding the control of an elevator are performed in a du- 
plexed system including first and second processing por- 
tions. A first clock signal from a first clock is input to the 
first processing portion. A second clock signal from a 
second clock is input to the second processing portion. 



The first and second clock signals are input to a clock 
abnormality detecting circuit. The clock abnormality de- 
tecting circuit counts the numbers of pulses of the first 
and second clock signals, and detects abnormalities in 
the first and second clock signals from a difference be- 
tween the numbers of the pulses. 
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Description 

Technical Field 

[0001] The present invention relates to an elevator 5 
control apparatus ennploying a processing portion that 
perfornns an arithnnetic processing based on a clock sig- 
nal. 

Background Art io 

[0002] As a method of detecting an abnonnality in a 

clock signal, there has been conventionally known a 
nnethod using a watchdog tinner. However, while being 
able to detect an increase in a clock frequency or a stop- 15 
page of a clock signal, the watchdog tinner cannot detect 
a decrease in a clock frequency. 

[0003] Further, JP 8-1 1 9553 A discloses a nnethod of 
detecting an abnornnality by dividing two clock signals 
with different frequencies, using thenn as reset signals 20 
for their respective clock counter circuits, and by counting 
the nunnbers of their respective clock pulse edges. In this 
method, however, since signals for determining a count- 
up period are generated through clock division, a circuit 
for this purpose needs tobe added, which makes the cir- 25 
cuit arrangement complicated and increases the failure 
rate. Besides, it is impossible to confirm whether or not 
the added circuit functions normally, which means a lack 
of reliability. 

30 

Disclosure of the Invention 

[0004] The present invention is made to solve the prob- 
lem described above. Therefore, it is an object of the 
invention to obtain an elevator control apparatus capable 35 
of enhancing reliability by employing a simple circuit ar- 
rangement. 

[0005] To this end, according to one aspect of the 

present invention, there is provided an elevator control 
apparatus comprising: a first processing portion and a 40 
second processing portion that perform calculations re- 
garding control of an elevator according to a duplexed 
system; a first clock that transmits a first clock signal to 
the first processing portion; a second clock that transmits 
a second clock signal to the second processing portion; 45 
and a clock abnormality detecting circuit that detects ab- 
normalities in the first clock signal and the second clock 
signal, the first clock signal and the second clock signal 
being input to the clock abnormality detecting circuit, 
wherein the clock abnormality detecting circuit counts 50 
numbers of pulses of the first clock signal and the second 
clock signal, and detects abnormalities in the first clock 
signal and the second clock signal based on a difference 
between the numbers of the pulses. 

55 

Brief Description of the Drawings 
[0006] 



Fig. 1 is a schematic diagram showing an elevator 
apparatus according to Embodiment 1 of the present 
invention. 

Fig. 2 is a front view showing the safety gear of Fig. 1 . 
Fig. 3 is a front view showing the safety gear of Fig. 
2 that has been actuated. 

Fig. 4 is a schematic diagram showing an elevator 
apparatus according to Embodiment 2 of the present 
invention. 

Fig. 5 is a front view showing the safety gear of Fig. 4. 
Fig. 6 is a front view showing the safety gear of Fig. 
5 that has been actuated. 

Fig. 7 is a front view showing the drive portion of Fig. 
6. 

Fig. 8 is a schematic diagram showing an elevator 
apparatus according to Embodiments of the present 
invention. 

Fig. 9 is a schematic diagram showing an elevator 
apparatus according to Embodiment 4 of the present 
invention. 

Fig. 1 0 is a schematic diagram showing an elevator 
apparatus according to Embodiments of the present 
invention. 

Fig. 11 is a schematic diagram showing an elevator 
apparatus according to Embodiments of the present 
invention. 

Fig. 1 2 is a schematic diagram showing another ex- 
ample of the elevator apparatus shown in Fig. 1 1 . 
Fig. 13 is a schematic diagram showing an elevator 
apparatus according to Embodiment / of the present 
invention. 

Fig. 14 is a schematic diagram showing an elevator 
apparatus according to Embodiments of the present 
invention. 

Fig. 15 is a front view showing another example of 
the drive portion shown in Fig. 7. 
Fig. 1 6 is a plan view showing a safety gear accord- 
ing to Embodiment 9 of the present invention. 
Fig. 17 is a partially cutaway side view showing a 
safety gear according to Embodiment 10 of the 
present invention. 

Fig. 1 S is a schematic diagram showing an elevator 
apparatus according to Embodiment 11 of the 

present invention. 

Fig. 1 9 is a graph showing the car speed abnormality 
determination criteria stored in the memory portion 
of Fig. 18. 

Fig. 20 is a graph showing the car acceleration ab- 
normality determination criteria stored in the memory 
portion of Fig. IS. 

Fig. 21 is a schematic diagram showing an elevator 
apparatus according to Embodiment 12 of the 
present invention. 

Fig. 22 is a schematic diagram showing an elevator 
apparatus according to Embodiment 13 of the 
present invention. 

Fig. 23 is a diagram showing the rope fastening de- 
vice and the rope sensors of Fig. 22. 
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Fig. 24 is a diagram sinowing a state where one of 
the main ropes of Fig. 23 has broken. 
Fig. 25 is a schematic diagram showing an elevator 
apparatus according to Embodiment 14 of the 

present invention. 

Fig. 26 is a schematic diagram showing an elevator 
apparatus according to Embodiment 15 of the 
present invention. 

Fig. 27 is a perspective view of the car and the door 

sensor of Fig. 26. 

Fig. 28 is a perspective view showing a state in which 
the car entrance 26 of Fig. 27 is open. 
Fig. 29 is a schematic diagram showing an elevator 
apparatus according to Embodiment 16 of the 
present invention. 

Fig. 30 is a diagram showing an upper portion of the 
hoistway of Fig. 29. 

Fig. 31 is a block diagram showing an essential part 
of an elevator control apparatus according to Em- 
bodiment 1 7 of the present Invention. 
Fig. 32 is a schematic diagram showing the specific 
configuration of a clock abnormality detecting circuit 
of Fig. 31. 

Fig. 33 is a schematic diagram showing an example 
of an elevator apparatus to which the elevator control 
apparatus of Fig. 31 is applied. 

Best Modes for carrying out the Invention 

[0007] Hereinbelow, preferred embodiments of the 
present invention are described with reference to the 
drawings. 

Embodiment 1 

[0008] Fig. 1 is a schematic diagram showing an ele- 
vator apparatus according to Embodiment 1 of the 
present invention. Referring to Fig. 1 , a pair of car guide 
rails 2 are arranged within a hoistway 1 . A car 3 is guided 
by the car guide rails 2 as it is raised and lowered in the 
hoistway 1 . Arranged atthe upper end portion of the hoist- 
way 1 is a hoisting machine (not shown) for raising and 
lowering the car 3 and a countenweight (not shown). A 
main rope 4 is wound around a drive sheave of the hoist- 
ing machine. The car 3 and the counterweight are sus- 
pended in the hoistway 1 by means of the main rope 4. 
Mounted to the car 3 are a pair of safety gears 5 opposed 
to the respective guide rails 2 and serving as braking 
means. The safety gears 5 are arranged on the underside 
of the car 3. Braking is applied to the car 3 upon actuating 
the safety gears 5. 

[0009] Also arranged at the upper end portion of the 
hoistway 1 is a governor 6 serving as a car speed de- 
tecting means for detecting the ascending/descending 
speed of the car 3. The governor 6 has a governor main 
body 7 and a governor sheave 8 rotatable with respect 
to the governor main body 7. A rotatable tension pulley 
9 is arranged at a lower end portion of the hoistway 1 . 



Wound between the governor sheave 8 and the tension 
pulley 9 is a governor rope 10 connected to the car 3. 
The connecting portion between the governor rope 10 
and the car 3 undergoes vertical reciprocating motion as 

5 the car 3 travels. As a result, the governor sheave 8 and 
the tension pulley 9 are rotated at a speed corresponding 
to the ascending/descending speed of the car 3. 
[001 0] The governor 6 is adapted to actuate a braking 
device of the hoisting machine when the ascending/de- 

10 scending speed of the car 3 has reached a preset first 
overspeed. Further, the governor 6 is provided with a 
switch portion 1 1 serving as an output portion through 
which an actuation signal is output to the safety gears 5 
when the descending speed of the car 3 reaches a sec- 

15 ond overspeed (set overspeed) higherthan the first over- 
speed. The switch portion 1 1 has a contact 1 6 which is 
mechanically opened and closed by means of an over- 
speed lever that is displaced according to the centrifugal 
force of the rotating governor sheave 8. The contact 1 6 

20 Is electrically connected to a battery 12, which Is an un- 
interruptible power supply capable of feeding power even 
in the event of a power failure, and to a control panel 13 
that controls the drive of an elevator, through a power 
supply cable 1 4 and a connection cable 1 5, respectively. 

25 [0011] A control cable (movable cable) is connected 
between the car 3 and the control panel 13. The control 
cable includes, in addition to multiple power lines and 
signal lines, an emergency stop wiring 1 7 electrically con- 
nected between the control panel 13 and each safety 

30 gear 5. By closing of the contact 1 6, power from the bat- 
tery 12 is supplied to each safety gear 5 by way of the 
power supply cable 14, the switch portion 1 1, the con- 
nection cable 15, a power supply circuit within the control 
panel 1 3, and the emergency stop wiring 1 7. It should be 

35 noted thattransmission means consists of the connection 
cable 15, the power supply circuitwithin the control panel 
1 3, and the emergency stop wiring 1 7. 
[001 2] Fig. 2 is a front view showing the safety gear 5 
of Fig. 1 , and Fig. 3 is a front view showing the safety 

40 gear 5 of Fig. 2 that has been actuated. Referring to the 
figures, a support member 18 is fixed in position below 
the car 3. The safety gear 5 is fixed to the support member 
1 8. Further, each safety gear 5 includes a pair of actuator 
portions 20, which are connected to a pair of wedges 1 9 

45 serving as braking members and capable of moving into 
and away from contact with the car guide rail 2 to displace 
the wedges 19 with respect to the car 3, and a pair of 
guide portions 21 which are fixed to the support member 

18 and guide the wedges 19 displaced by the actuator 
50 portions 20 into contact with the car guide rail 2. The pair 

of wedges 19, the pair of actuator portions 20, and the 
pair of guide portions 21 are each arranged symmetrically 
on both sides of the car guide rail 2. 
[0013] Each guide portion 21 has an Inclined surtace 
55 22 Inclined with respect to the car guide rail 2 such that 
the distance between it and the car guide rail 2 decreases 
with increasing proximity to its upper portion. The wedge 

19 is displaced along the inclined surface 22. Each ac- 
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tuator portion 20 includes a spring 23 serving as an urging 
portion tliat urges the wedge 1 9 upward toward the guide 
portion 21 side, and an electromagnet 24 which, when 
supplied with electric current, generates an electromag- 
netic force for displacing the wedge 1 9 downward away 
from the guide member 21 against the urging force of the 
spring 23. 

[001 4] The spring 23 Is connected between the support 
member 1 8 and the wedge 1 9. The electromagnet 24 is 

fixed to the support member 18. The emergency stop 
wiring 1 7 is connected to the electromagnet 24. Fixed to 
each wedge 19 Is a pennanent magnet 25 opposed to 
the electromagnet 24. The supply of electric current to 
the electromagnet 24 is performed from the battery 12 
(see Fig. 1 ) by the closing of the contact 1 6 (see Fig. 1 ). 
The safety gear 5 is actuated as the supply of electric 
current to the electromagnet 24 Is cut off by the opening 
of the contact 1 6 (see Fig. 1 ). That is, the pair of wedges 
1 9 are displaced upward due to the elastic restoring force 
of the spring 23 to be pressed against the car guide rail 2. 
[0015] Next, operation Is described. The contact 16 
remains closed during normal operation. Accordingly, 
power is supplied from the battery 12 to the electromag- 
net 24. The wedge 1 9 is attracted and held onto the elec- 
tromagnet 24 by the electromagnetic force generated up- 
on this power supply, and thus remains separated from 
the car guide rail 2 (Fig. 2). 

[0016] When, for instance, the speed of the car 3 rises 
to reach the first overspeed due to a break in the main 
rope 4 or the like, this actuates the braking device of the 
hoisting machine. When the speed of the car 3 rises fur- 
ther even after the actuation of the braking device of the 
hoisting machine and reaches the second overspeed, 
this triggers closure of the contact 16. As a result, the 
supply of electric current to the electromagnet 24 of each 
safety gear 5 is cut off, and the wedges 1 9 are displaced 
by the urging force of the springs 23 upward with respect 
to the car 3. At this time, the wedges 1 9 are displaced 
along the inclined surface 22 while in contact with the 
inclined surface 22 of the guide portions 21 . Due to this 
displacement, the wedges 1 9 are pressed into contact 
with the car guide rail 2. The wedges 19 are displaced 
further upward as they come into contact with the car 
guide rail 2, to become wedged in between the car guide 
rail 2 and the guide portions 21 . A large frictional force 
Is thus generated between the car guide rail 2 and the 
wedges 1 9, braking the car 3 (Fig. 3). 
[0017] To release the braking on the car 3, the car 3 
Is raised while supplying electric current to the electro- 
magnet 24 by the closing of the contact 16. As a result, 
the wedges 1 9 are displaced downward, thus separating 
from the car guide rail 2. 

[001 8] In the above-described elevator apparatus, the 
switch portion 1 1 connected to the battery 12 and each 
safety gear 5 are electrically connected to each other, 
whereby an abnormality in the speed of the car3 detected 
by the governor 6 can be transmitted as an electrical 
actuation signal from the switch portion 1 1 to each safety 



gear 5, making it possible to brake the car 3 in a short 
time after detecting an abnormality in the speed of the 
car 3. As a result, the braking distance of the car 3 can 
be reduced. Further, synchronized actuation of the re- 
5 spective safety gears 5 can be readily effected, making 
it possible to stop the car 3 in a stable manner. Also, each 
safety gear 5 Is actuated by the electrical actuation signal, 
thus preventing the safety gear 5 from being erroneously 
actuated due to shaking of the car 3 or the like. 
[0019] Additionally, each safety gear5 has the actuator 
portions 20 which displace the wedge 1 9 upward toward 
the guide portion 21 side, and the guide portions 21 each 
including the inclined surface 22 to guide the upwardly 
displaced wedge 1 9 into contact with the car guide rail 
2, whereby the force with which the wedge 1 9 is pressed 
against the car guide rail 2 during descending movement 
of the car 3 can be increased with reliability. 
[0020] Further, each actuator portion 20 has a spring 
23 that urges the wedge 1 9 upward, and an electromag- 
net 24 for displacing the wedge 1 9 downward against the 
urging force of the spring 23, thereby enabling displace- 
ment of the wedge 1 9 by means of a simple construction. 

Embodiment 2 

[0021] Fig. 4 is a schematic diagram showing an ele- 
vator apparatus according to Embodiment 2 of the 
present invention. Referring to Fig. 4, the car 3 has a car 
main body 27 provided with a car entrance 26, and a car 
door 28 that opens and closes the car entrance 26. Pro- 
vided in the hoistway 1 is a car speed sensor 31 serving 
as car speed detecting means for detecting the speed of 
the car 3. Mounted Inside the control panel 1 3 is an output 
portion 32 electrically connected to the car speed sensor 
31 . The battery 12 is connected to the output portion 32 
through the power supply cable 1 4. Electric power used 
for detecting the speed of the car 3 is supplied from the 
output portion 32 to the car speed sensor 31 . The output 
portion 32 is input with a speed detection signal from the 
car speed sensor 31 . 

[0022] Mounted on the underside of the car 3 are a 
pair of safety gears 33 serving as braking means for brak- 
ing the car 3. The output portion 32 and each safety gear 
33 are electrically connected to each other through the 
emergency stop wiring 17. When the speed of the car 3 
Is at the second overspeed, an actuation signal, which 
is the actuating power, is output to each safety gear 33. 
The safety gears 33 are actuated upon input of this ac- 
tuation signal. 

[0023] Fig. 5 is a front view showing the safety gear 
33 of Fig. 4, and Fig. 6 Is a front view showing the safety 
gear 33 of Fig. 5 that has been actuated. Referring to the 
figures, the safety gear 33 has a wedge 34 serving as a 
braking member and capable of moving Into and away 
from contact with the car guide rail 2, an actuator portion 
35 connected to a lower portion of the wedge 34, and a 
guide portion 36 arranged above the wedge 34 and fixed 
to the car 3. The wedge 34 and the actuator portion 35 
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are capable of vertical movement with respect to the 
guide portion 36. As the wedge 34 is displaced upward 
with respect to the guide portion 36, that is, toward the 
guide portion 36 side, the wedge 34 is guided by the 
guide portion 36 into contact with the car guide rail 2. 
[0024] The actuator portion 35 has a cylindrical contact 
portion 37 capable of moving into and away from contact 
with the car guide rail 2, an actuating mechanism 38 for 
displacing the contact portion 37 into and away from con- 
tact with the car guide rail 2, and a support portion 39 
supporting the contact portion 37 and the actuating 
mechanism 38. The contact portion 37 is lighter than the 
wedge 34 so that it can be readily displaced by the ac- 
tuating mechanism 38. The actuating mechanism 38 has 
a movable portion 40 capable of reciprocating displace- 
ment between a contact position where the contact por- 
tion 37 is held in contact with the car guide rail 2 and a 
separated position where the contact portion 37 is sep- 
arated from the car guide rail 2, and a drive portion 41 
for displacing the movable portion 40. 
[0025] The support portion 39 and the movable portion 
40 are provided with a support guide hole 42 and a mov- 
able guide hole 43, respectively. The inclination angles 
of the support guide hole 42 and the movable guide hole 
43 with respect to the car guide rail 2 are different from 
each other. The contact portion 37 is slidably fitted in the 
support guide hole 42 and the movable guide hole 43. 
The contact portion 37 slides within the movable guide 
hole 43 according to the reciprocating displacement of 
the movable portion 40, and is displaced along the lon- 
gitudinal direction of the support guide hole 42. As a re- 
sult, the contact portion 37 is moved into and away from 
contact with the car guide rail 2 at an appropriate angle. 
When the contact portion 37 comes into contact with the 
car guide rail 2 as the car 3 descends, braking is applied 
to the wedge 34 and the actuator portion 35, displacing 
them toward the guide portion 36 side. 
[0026] Mounted on the upperside of the support portion 
39 is a horizontal guide hole 47 extending in the horizontal 
direction. The wedge 34 is slidably fitted in the horizontal 
guide hole 47. That is, the wedge 34 is capable of recip- 
rocating displacement in the horizontal direction with re- 
spect to the support portion 39. 

[0027] The guide portion 36 has an inclined surface 44 
and a contact surface 45 which are arranged so as to 
sandwich the car guide rail 2 therebetween. The inclined 
surface 44 is inclined with respect to the car guide rail 2 
such that the distance between it and the car guide rail 
2 decreases with increasing proximity to its upper portion. 
The contact surface 45 is capable of moving into and 
away from contact with the car guide rail 2. As the wedge 
34 and the actuator portion 35 are displaced upward with 
respect to the guide portion 36, the wedge 34 is displaced 
along the inclined surface 44. As a result, the wedge 34 
and the contact surface 45 are displaced so as to ap- 
proach each other, and the car guide rail 2 becomes 
lodged between the wedge 34 and the contactsurface 45. 
[0028] Fig. 7 is a front view showing the drive portion 



41 of Fig. 6. Referring to Fig. 7, the drive portion 41 has 
a disc spring 46 serving as an urging portion and attached 
to the movable portion 40, and an electromagnet 48 for 
displacing the movable portion 40 by an electromagnetic 

5 force generated upon supply of electric current thereto. 
[0029] The movable portion 40 is fixed to the central 
portion of the disc spring 46. The disc spring 46 is de- 
formed due to the reciprocating displacement of the mov- 
able portion 40. As the disc spring 46 is defonned due 

10 to the displacement of the movable portion 40, the urging 
direction of the disc spring 46 is reversed between the 
contact position (solid line) and the separated position 
(broken line). The movable portion 40 is retained at the 
contact or separated position as it is urged by the disc 

15 spring 46. That is, the contact or separated state of the 
contact portion 37 with respect to the car guide rail 2 is 
retained by the urging of the disc spring 46. 
[0030] The electromagnet 48 has a first electromag- 
netic portion 49 fixed to the movable portion 40, and a 

20 second electromagnetic portion 50 opposed to the first 
electromagnetic portion 49. The movable portion 40 is 
displaceable relative to the second electromagnetic por- 
tion 50. The emergency stop wiring 17 is connected to 
the electromagnet 48. Upon inputting an actuation signal 

25 to the electromagnet 48, the first electromagnetic portion 
49 and the second electromagnetic portion 50 generate 
electromagnetic forces so as to repel each other. That 
is, upon input of the actuation signal to the electromagnet 
48, the first electromagnetic portion 49 is displaced away 

30 from contact with the second electromagnetic portion 50, 
together with the movable portion 40. 
[0031] It should be noted that for recovery after the 
actuation of the safety gear 5, the output portion 32 out- 
puts a recovery signal during the recovery phase. Input 

35 of the recovery signal to the electromagnet 48 causes 
the first electromagnetic portion 49 and the second elec- 
tromagnetic portion 50 to attract each other. Othenwise, 
this embodiment is of the same construction as Embod- 
iment 1 . 

40 [0032] Next, operation is described. During normal op- 
eration, the movable portion 40 is located at the separat- 
ed position, and the contact portion 37 is urged by the 
disc spring 46 to be separated away from contact with 
the car guide rail 2. With the contact portion 37 thus being 

45 separated from the car guide rail 2, the wedge 34 is sep- 
arated from the guide portion 36, thus maintaining the 
distance between the wedge 34 and the guide portion 36. 
[0033] When the speed detected by the carspeed sen- 
sor31 reaches the first overspeed, this actuatesthebrak- 

50 ing device of the hoisting machine. When the speed of 
the car 3 continues to rise thereafter and the speed as 
detected by the car speed sensor 31 reaches the second 
overspeed, an actuation signal is output from the output 
portion 32 to each safety gear 33. 1 nputting this actuation 

55 signal to the electromagnet 48 triggers the first electro- 
magnetic portion 49 and the second electromagnetic por- 
tion 50 to repel each other. The electromagnetic repul- 
sion force thus generated causes the movable portion 
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40 to be displaced into the contact position. As tliis hap- 
pens, the contact portion 37 is displaced into contact with 
the car guide rail 2. By the time the movable portion 40 
reaches the contact position, the urging direction of the 
disc spring 46 reverses to that for retaining the movable 
portion 40 at the contact position. As a result, the contact 
portion 37 Is pressed into contact with the car guide rail 
2, thus braking the wedge 34 and the actuator portion 35. 
[0034] Since the car 3 and the guide portion 36 de- 
scend with no braking applied thereon, the guide portion 

36 is displaced downward towards the wedge 34 and 
actuator 35 side. Due to this displacement, the wedge 
34 is guided along the inclined surface 44, causing the 
car guide rail 2 to become lodged between the wedge 34 
and the contact surface 45. As the wedge 34 comes into 
contact with the car guide rail 2, it is displaced further 
upward to wedge in between the car guide rail 2 and the 
inclined surface 44. A large frictional force is thus gen- 
erated between the car guide rail 2 and the wedge 34, 
and between the car guide rail 2 and the contact surface 
45, thus braking the car 3. 

[0035] During the recovery phase, the recovery signal 
is transmitted from the output portion 32 to the electro- 
magnet 48. This causes the first electromagnetic portion 
49 and the second electromagnetic portion 50 to attract 
each other, thus displacing the movable portion 40 to the 
separated position. As this happens, the contact portion 

37 is displaced to be separated away from contact with 
the car guide rail 2. By the time the movable portion 40 
reaches the separated position, the urging direction of 
the disc spring 46 reverses, allowing the movable portion 
40 to be retained at the separated position. As the car 3 
ascends In this state, the pressing contact of the wedge 
34 and the contact surface 45 with the car guide rail 2 is 
released. 

[0036] In addition to providing the same effects as 
those of Embodiment 1, the above-described elevator 
apparatus includes the car speed sensor 31 provided in 
the hoistway 1 to detect the speed of the car 3. There is 
thereby no need to use a speed governor and a governor 
rope, making it possible to reduce the overall Installation 
space for the elevator apparatus. 
[0037] Further, the actuator portion 35 has the contact 
portion 37 capable of moving into and away from contact 
with the car guide rail 2, and the actuating mechanism 

38 for displacing the contact portion 37 Into and away 
from contact with the car guide rail 2. Accordingly, by 
making the weight of the contact portion 37 smaller than 
that of the wedge 34, the drive force to be applied from 
the actuating mechanism 38 to the contact portion 37 
can be reduced, thus making it possible to miniaturize 
the actuating mechanism 38. Further, the lightweight 
construction of the contact portion 37 allows increases 
In the displacement rate of the contact portion 37, thereby 
reducing the time required until generation of a braking 
force. 

[0038] Further, the drive portion 41 includes the disc 
spring 46 adapted to hold the movable portion 40 at the 



contact position or the separated position, and the elec- 
tromagnet 48 capable of displacing the movable portion 
40 when supplied with electric current, whereby the mov- 
able portion 40 can be reliably held at the contact orsep- 
5 arated position by supplying electric current to the elec- 
tromagnet 48 only during the displacement of the mov- 
able portion 40. 

Embodiment 3 

10 

[0039] Fig. 8 is a schematic diagram showing an ele- 
vator apparatus according to Embodiment 3 of the 
present invention. Referring to Fig. 8, provided at the car 
entrance 26 is a door closed sensor 58, which serves as 
15 a door closed detecting means for detecting the open or 
closed state of the car door 28. An output portion 59 
mounted on the control panel 1 3 Is connected to the door 
closed sensor 58 through a control cable. Further, the 
car speed sensor 31 is electrically connected to the out- 
20 put portion 59. A speed detection signal from the car 
speed sensor 31 and an open/closed detection signal 
from the door closed sensor 58 are input to the output 
portion 59. On the basis of the speed detection signal 
and the open/closed detection signal thus input, the out- 
25 put portion 59 can determine the speed of the car 3 and 
the open or closed state of the car entrance 26. 
[0040] The output portion 59 is connected to each safe- 
ty gear 33 through the emergency stop wiring 1 7. On the 
basis of the speed detection signal from the car speed 
30 sensor 31 and the opening/closing detection signal from 
the door closed sensor 58, the output portion 59 outputs 
an actuation signal when the car 3 has descended with 
the car entrance 26 being open. The actuation signal is 
transmitted to the safety gear 33 through the emergency 
35 stop wiring 1 7. Otherwise, this embodiment is of the same 
construction as Embodiment 2. 

[0041] In the elevator apparatus as described above, 
the car speed sensor 31 that detects the speed of the 
car 3, and the door closed sensor 58 that detects the 
40 open or closed state of the car door 28 are electrically 
connected to the output portion 59, and the actuation 
signal is output from the output portion 59 to the safety 
gear 33 when the car 3 has descended with the car en- 
trance 26 being open, thereby preventing the car 3 from 
45 descending with the car entrance 26 being open. 

[0042] It should be noted that safety gears vertically 
reversed from the safety gears 33 may be mounted to 
the car 3. This construction also makes it possible to pre- 
vent the car 3 from ascending with the car entrance 26 
50 being open. 

Embodiment 4 

[0043] Fig. 9 is a schematic diagram showing an ele- 
55 vator apparatus according to Embodiment 4 of the 
present invention. Referring to Fig. 9, passed through 
the main rope 4 is a break detection lead wire 61 serving 
as a rope break detecting means for detecting a break 
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in the rope 4. A weak current flows through the break 
detection lead wire 61 . The presence of a break In the 
nnain rope 4 is detected on the basis of the presence or 
absence of this weak electric current passing there- 
though. An output portion 62 mounted on the control pan- 
el 1 3 is electrically connected to the break detection lead 
wire 61 . When the break detection lead wire 61 breaks, 
a rope break signal, which is an electric current cut-off 
signal of the break detection lead wire 61 , is input to the 
output portion 62. The car speed sensor 31 is also elec- 
trically connected to the output portion 62. 
[0044] The output portion 62 is connected to each safe- 
ty gear 33 through the emergency stop wiring 1 7. If the 
main rope 4 breaks, the output portion 62 outputs an 
actuation signal on the basis of the speed detection signal 
from the car speed sensor 31 and the rope break signal 
from the break detection lead wire 61 . The actuation sig- 
nal is transmitted to the safety gear 33 through the emer- 
gency stop wiring 1 7. Otherwise, this embodiment is of 
the same construction as Embodiment 2. 
[0045] In the elevator apparatus as described above, 
the car speed sensor 31 which detects the speed of the 
car 3 and the break detection lead wire 61 which detects 
a break in the main rope 4 are electrically connected to 
the output portion 62, and, when the main rope 4 breaks, 
the actuation signal is output from the output portion 62 
to the safety gear 33. By thus detecting the speed of the 
car 3 and detecting a break in the main rope 4, braking 
can be more reliably applied to a car 3 that is descending 
at abnormal speed. 

[0046] While in the above example the method of de- 
tecting the presence or absence of an electric current 
passing through the break detection lead wire 61 , which 
is passed through the main rope 4, is employed as the 
rope break detecting means, it is also possible to employ 
a method of, for example, measuring changes in the ten- 
sion of the main rope 4. In this case, a tension measuring 
instrument is installed on the rope fastening. 

Embodiment 5 

[0047] Fig. 1 0 is a schematic diagram showing an el- 
evator apparatus according to Embodiment 5 of the 
present invention. Referring to Fig. 10, provided in the 
hoistway 1 is a car position sensor 65 serving as car 
position detecting means for detecting the position of the 
car 3. The car position sensor 65 and the car speed sen- 
sor 31 are electrically connected to an output portion 66 
mounted on the control panel 13. The output portion 66 
has a memory portion 67 storing a control pattern con- 
taining information on the position, speed, acceleration/ 
deceleration, floor stops, etc., of the car 3 during normal 
operation. Inputs to the output portion 66 are a speed 
detection signal from the car speed sensor 31 and a car 
position signal from the car position sensor 65. 
[0048] The output portion 66 is connected to the safety 
gear 33 through the emergency stop wiring 1 7. The out- 
put portion 66 compares the speed and position (actual 



measured values) of the car 3 based on the speed de- 
tection signal and the car position signal with the speed 
and position (set values) of the car 3 based on the control 
pattern stored in the memory portion 67. The output por- 

5 tion 66 outputs an actuation signal to the safety gear 33 
when the deviation between the actual measured values 
and the set values exceeds a predetermined threshold. 
Herein, the predetermined threshold refers to the mini- 
mum deviation between the actual measurement values 

fo and the set values required for bringing the car 3 to a halt 
through normal brakingwithoutthecar3 colliding against 
an end portion of the hoistway 1 . Othenwise, this embod- 
iment is of the same construction as Embodiment 2. 
[0049] In the elevator apparatus as described above, 

f5 the output portion 66 outputs the actuation signal when 
the deviation between the actual measurement values 
from each ofthe car speed sensor 31 and the car position 
sensor 65 and the set values based on the control pattern 
exceeds the predetermined threshold, making it possible 

20 to prevent collision of the car 3 against the end portion 
of the hoistway 1 . 

Embodiment 6 

25 [0050] Fig. 1 1 is a schematic diagram showing an el- 
evator apparatus according to Embodiment 6 of the 
present invention. Referring to Fig. 11, arranged within 
the hoistway 1 are an upper car 71 that is a first car and 
a lower car 72 that is a second car located below the 
30 upper car 71 . The upper car 71 and the lower car 72 are 
guided by the car guide rail 2 as they ascend and descend 
in the hoistway 1. Installed at the upper end portion of 
the hoistway 1 are a first hoisting machine (not shown) 
for raising and lowering the upper car 71 and an upper- 
35 car counterweight (not shown), and a second hoisting 
machine (not shown) for raising and lowering the lower 
car 72 and a lower-car countenweight (not shown). Afirst 
main rope (not shown) is wound around the drive sheave 
of the first hoisting machine, and a second main rope 
40 (not shown) is wound around the drive sheave of the 
second hoisting machine. The upper car 71 and the up- 
per-car counterweight are suspended by the first main 
rope, and the lower car 72 and the lower-car counter- 
weight are suspended by the second main rope. 
45 [0051] In the hoistway 1 , there are provided an upper- 
car speed sensor 73 and a lower-car speed sensor 74 
respectively serving as car speed detecting means for 
detecting the speed of the upper car 71 and the speed 
of the lower car 72. Also provided in the hoistway 1 are 
50 an upper-car position sensor 75 and a lower-car position 
sensor 76 respectively serving as car position detecting 
means for detecting the position of the upper car 71 and 
the position of the lower car 72. 
[0052] It should be noted that car operation detecting 
55 means includes the upper-car speed sensor 73, the low- 
er-car sped sensor 74, the upper-car position sensor 75, 
and the lower-car position sensor 76. 
[0053] Mounted on the underside of the upper car 71 
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are upper-car safety gears 77 serving as braking means 
of the sanne construction as that of the safety gears 33 
used in Embodiment 2. Mounted on the underside of the 
lower car 72 are lower-car safety gears 78 serving as 
braking means of the same construction as that of the 
upper-car safety gears 77. 

[0054] An output portion 79 is mounted inside the con- 
trol panel 13. The upper-car speed sensor 73, the lower- 
car speed sensor 74, the upper-car position sensor 75, 
and the lower-car position sensor 76 are electrically con- 
nected to the output portion 79. Further, the battery 12 
is connected to the output portion 79 through the power 
supply cable 14. An upper-car speed detection signal 
from the upper-car speed sensor 73, a lower-car speed 
detection signal from the lower-car speed sensor 74, an 
upper-car position detecting signal from the upper-car 
position sensor 75, and a lower-car position detection 
signal from the lower-car position sensor 76 are input to 
the output portion 79. That is, information from the car 
operation detecting means is input to the output portion 
79. 

[0055] The output portion 79 is connected to the upper- 
car safety gear 77 and the lower-car safety gear 78 
through the emergency stop wiring 17. Further, on the 
basis of the information from the car operation detecting 
means, the output portion 79 predicts whether or not the 
upper car 71 or the lower car 72 will collide against an 
end portion of the hoistway 1 and whether or not collision 
will occur between the upper car 71 and the lower car 
72; when it is predicted that such collision will occur, the 
output portion 79 outputs an actuation signal to each the 
upper-car safety gears 77 and the lower-car safety gears 
78. The upper-car safety gears 77 and the lower-car safe- 
ty gears 78 are each actuated upon input of this actuation 
signal. 

[0056] It should be noted that a monitoring portion in- 
cludes the car operation detecting means and the output 
portion 79. The running states of the upper car 71 and 
the lower car 72 are monitored by the monitoring portion. 
Otherwise, this embodiment is of the same construction 
as Embodiment 2. 

[0057] Next, operation is described. When input with 
the information from the car operation detecting means, 
the output portion 79 predicts whether or not the upper 
car 71 and the lower car 72 will collide against an end 
portion of the hoistway 1 and whether or not collision 
between the upper car and the lower car 72 will occur. 
For example, when the output portion 79 predicts that 
collision will occur between the upper car 71 and the low- 
er car 72 due to a break in the first main rope suspending 
the upper car 71 , the output portion 79 outputs an actu- 
ation signal to each the upper-car safety gears 77 and 
the lower-car safety gears 78. The upper-car safety gears 
77 and the lower-car safety gears 78 are thus actuated, 
braking the upper car 71 and the lower car 72. 
[0058] In the elevator apparatus as described above, 
the monitoring portion has the car operation detecting 
means for detecting the actual movements of the upper 



car 71 and the lower car 72 as they ascend and descend 
in the same hoistway 1 , and the output portion 79 which 
predicts whether or not collision will occur between the 
upper car 71 and the lower car 72 on the basis of the 
5 information from the car operation detecting means and, 
when it is predicted that the collision will occur, outputs 
the actuation signal to each of the upper-car safety gears 
77 and the lower-car emergency devices 78. Accordingly, 
even when the respective speeds of the upper car 71 
and the lower car 72 have not reached the set overspeed, 
the upper-car safety gears 77 and the lower-car emer- 
gency devices 78 can be actuated when It is predicted 
that collision will occur between the upper car 71 and the 
lower car 72, thereby making it possible to avoid a colli- 
sion between the upper car 71 and the lower car 72. 
[0059] Further, the car operation detecting means has 
the upper-car speed sensor 73, the lower-car speed sen- 
sor 74, the upper-car position sensor 75, and the lower- 
car position sensor 76, the actual movements of the up- 
per car 71 and the lower car 72 can be readily detected 
by means of a simple construction. 
[0060] While in the above-described example the out- 
put portion 79 is mounted inside the control panel 1 3, an 
output portion 79 may be mounted on each of the upper 
car 71 and the lower car 72. In this case, as shown in 
Fig. 12, the upper-car speed sensor 73, the lower-car 
speed sensor 74, the upper-car position sensor 75, and 
the lower-car position sensor 76 are electrically connect- 
ed to each of the output portions 79 mounted on the upper 
car 71 and the lower car 72. 

[0061 ] While in the above-described example the out- 
put portions 79 outputs the actuation signal to each the 
upper-car safety gears 77 and the lower-car safety gears 
78, the output portion 79 may, in accordance with the 
information from the car operation detecting means, out- 
put the actuation signal to only one of the upper-car safety 
gear 77 and the lower-car safety gear 78. In this case, in 
addition to predicting whether or not collision will occur 
between the uppercar71 andthe lower car 72, the output 
portions 79 also determine the presence of an abnormal- 
ity in the respective movements of the upper car 71 and 
the lower car 72. The actuation signal is output from an 
output portion 79 to only the safety gear mounted on the 
car which is moving abnomnally. 

Embodiment 7 

[0062] Fig. 13 is a schematic diagram showing an el- 
evator apparatus according to Embodiment 7 of the 
present invention. Referring to Fig. 13, an upper-car out- 
put portion 81 serving as an output portion is mounted 
on the upper car 71, and a lower-car output portion 82 
serving as an output portion is mounted on the lower car 
72. The upper-car speed sensor 73, the upper-car posi- 
tion sensor 75, and the lower-car position sensor 76 are 
electrically connected to the upper-car output portion 81 . 
The lower-car speed sensor 74, the lower-car position 
sensor 76, and the upper-car position sensor 75 are elec- 
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trically connected to the lower-car output portion 82. 
[0063] The upper-car output portion 81 is electrically 
connected to the upper-car safety gears 77 through an 
upper-car emergency stop wiring 83 serving as transmis- 
sion nneans installed on the upper car 71. Further, the 
upper-car output portion 81 predicts, on the basis of in- 
formation (hereinafter referred to as "upper-car detection 
information" in this embodiment) from the upper-car 
speed sensor 73, the upper-car position sensor 75, and 
the lower-car position sensor76, whetheror notthe upper 
car 71 will collide against the lower car 72, and outputs 
an actuation signal to the upper-car safety gears 77 upon 
predicting that a collision will occur. Further, when input 
with the upper-car detection information, the upper-car 
output portion 81 predicts whether or not the upper car 

71 will collide against the lower car 72 on the assumption 
that the lower car 72 is running toward the upper car 71 
at its maximum normal operation speed. 

[0064] The lower-car output portion 82 is electrically 
connected to the lower-car safety gears 78 through a 
lower-car emergency stop wiring 84 serving as transmis- 
sion means installed on the lower car 72. Further, the 
lower-car output portion 82 predicts, on the basis of in- 
formation (hereinafter referred to as "lower-car detection 
information" in this embodiment) from the lower-car 
speed sensor 74, the lower-car position sensor 76, and 
the upper-carposition sensor 75, whetheror notthe lower 
car 72 will collide against the upper car 71 , and outputs 
an actuation signal to the lower-car safety gears 78 upon 
predicting that a collision will occur. Further, when input 
with the lower-car detection information, the lower-car 
output portion 82 predicts whether or not the lower car 

72 will collide against the upper car 71 on the assumption 
that the upper car 71 is running toward the lower car 72 
at its maximum normal operation speed. 

[0065] Normally, the operations of the upper car 71 
and the lower car 72 are controlled such that they are 
sufficiently spaced away from each other so that the up- 
per-car safety gears 77 and the lower-car safety gears 
78 do not actuate. Otherwise, this embodiment is of the 
same construction as Embodiment 6. 
[0066] Next, operation is described. For instance, 
when, due to a breal< in the first main rope suspending 
the upper car 71 , the upper car 71 falls toward the lower 
car 72, the upper-car output portion 81 and the lower-car 
output portion 82 both predict the impending collision be- 
tween the upper car 71 and the lower car 72. As a result, 
the upper-car output portion 81 and the lower-car output 
portion 82 each output an actuation signal to the upper- 
car safety gears 77 and the lower-car safety gears 78, 
respectively. This actuates the upper-car safety gears 77 
and the lower-car safety gears 78, thus bral<ing the upper 
car 71 and the lower car 72. 

[0067] In addition to providing the same effects as 
those of Embodiment 6, the above-described elevator 
apparatus, in which the upper-car speed sensor 73 is 
electricallyconnectedtoonlytheupper-caroutput portion 
81 and the lower-car speed sensor 74 is electrically con- 



nected to only the lower-car output portion 82, obviates 
the need to provide electrical wiring between the upper- 
car speed sensor 73 and the lower-car output portion 82 
and between the lower-car speed sensor 74 and the up- 
5 per-car output portion 81 , making it possible to simplify 
the electrical wiring installation. 

Embodiment 8 

[0068] Fig. 14 is a schematic diagram showing an el- 
evator apparatus according to Embodiment 8 of the 
present invention. Referring to Fig. 14, mounted to the 
upper car 71 and the lower car 72 is an inter-car distance 
sensor 91 serving as inter-car distance detecting means 
for detecting the distance between the upper car 71 and 
the lower car 72. The inter-car distance sensor 91 in- 
cludes a laser irradiation portion mounted on the upper 
car 71 and a reflection portion mounted on the lower car 
72. The distance between the upper car 71 and the lower 
car 72 is obtained by the inter-car distance sensor 91 
based on the reciprocation time of laser light between 
the laser irradiation portion and the reflection portion. 
[0069] The upper-car speed sensor 73, the lower-car 
speed sensor 74, the upper-car position sensor 75, and 
the inter-car distance sensor 91 are electrically connect- 
ed to the upper-car output portion 81. The upper-car 
speed sensor 73, the lower-car speed sensor 74, the 
lower-car position sensor 76, and the inter-car distance 
sensor 91 are electrically connected to the lower-car out- 
put portion 82. 

[0070] The upper-car output portion 81 predicts, on the 
basis of information (hereinafter referred to as "upper- 
car detection infomriation" in this embodiment) from the 
upper-car speed sensor 73, the lower-car speed sensor 
74, the upper-car position sensor 75, and the inter-car 
distance sensor 91 , whether or not the upper car 71 will 
collide against the lower car 72, and outputs an actuation 
signal to the upper-car safety gears 77 upon predicting 
that a collision will occur. 

[0071 ] The lower-car output portion 82 predicts, on the 
basis of information (hereinafter referred to as "lower-car 
detection information" in this embodiment) from the up- 
per-car speed sensor 73, the lower-car speed sensor 74, 
the lower-car position sensor 76, and the inter-car dis- 
tance sensor 91, whether or not the lower car 72 will 
collide against the upper car 71 , and outputs an actuation 
signal to the lower-car safety gear 78 upon predicting 
that a collision will occur. Otherwise, this embodiment is 
of the same construction as Embodiment 7. 
[0072] In the elevator apparatus as described above, 
the output portion 79 predicts whether or not a collision 
will occur between the upper car 71 and the lower car 72 
based on the information from the inter-car distance sen- 
sor 91 , malting it possible to predict with improved relia- 
bility whether or not a collision will occur between the 
upper car 71 and the lower car 72. 
[0073] It should be noted that the door closed sensor 
58 of Embodiment 3 may be applied to the elevator ap- 
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paratus as described in Embodiments 6 througli 8 so that 
the output portion is input with the open/closed detection 
signal. It is also possible to apply the break detection lead 
wire 61 of Embodiment 4 here as well so that the output 
portion is input with the rope break signal. 
[0074] While the drive portion in Embodiments 2 
through 8 described above is driven by utilizing the elec- 
tromagnetic repulsion force or the electromagnetic at- 
traction force between the first electromagnetic portion 
49 and the second electromagnetic portion 50, the drive 
portion may be driven by utilizing, for example, an eddy 
current generated in a conductive repulsion plate. In this 
case, as shown in Fig. 15, a pulsed current is supplied 
as an actuation signal to the electromagnet 48, and the 
movable portion 40 is displaced through the interaction 
between an eddy current generated in a repulsion plate 
51 fixed to the movable portion 40 and the magnetic field 
from the electromagnet 48. 

[0075] While in Embodiments 2 through 8 described 
above the car speed detecting means is provided in the 
hoistway 1, it may also be mounted on the car. In this 
case, the speed detection signal from the car speed de- 
tecting means is transmitted to the output portion through 
the control cable. 

Embodiment 9 

[0076] Fig. 16 is a plan view showing a safety gear 
according to Embodiment 9 of the present invention. 
Here, a safety gear 155 has the wedge 34, an actuator 
portion 156 connected to a lower portion of the wedge 
34, and the guide portion 36 arranged above the wedge 
34 and fixed to the car 3. The actuator portion 156 is 
vertically movable with respect to the guide portion 36 
together with the wedge 34. 

[0077] The actuator portion 156 has a pair of contact 
portions 1 57 capable of moving into and away from con- 
tact with the car guide rail 2, a pair of link members 158a, 
1 58b each connected to one of the contact portions 1 57, 
an actuating mechanism 1 59 for displacing the link mem- 
ber 1 58a relative to the other link member 1 58b such that 
the respective contact portions 157 move into and away 
from contact with the car guide rail 2, and a support por- 
tion 160 supporting the contact portions 157, the link 
members 158a, 158b, andthe actuating mechanism 159. 
A horizontal shaft 1 70, which passes through the wedge 
34, is fixed to the support portion 1 60. The wedge 34 is 
capable of reciprocating displacement in the horizontal 
direction with respect to the horizontal shaft 170. 
[0078] The link members 1 58a, 1 58b cross each other 
at a portion between one end to the other end portion 
thereof. Further, provided to the support portion 1 60 is a 
connection member 161 which pivotably connects the 
link member 158a, 158b together at the portion where 
the link members 158a, 158b cross each other. Further, 
the link member 158a is provided so as to be pivotable 
with respect to the other link member 158b about the 
connection member 1 61 . 



[0079] As the respective other end portions of the link 
member 158a, 158b are displaced so as to approach 
each other, each contact portion 157 is displaced into 
contact with the car guide rail 2. Likewise, as the respec- 
5 tive other end portions of the link member 158a, 158b 
are displaced so as to separate away from each other, 
each contact portion 1 57 is displaced away from the car 
guide rail 2. 

[0080] The actuating mechanism 159 is arranged be- 
tween the respective other end portions of the link mem- 
bers 158a, 158b. Further, the actuating mechanism 159 
is supported by each of the link members 158a, 158b. 
Further, the actuating mechanism 1 59 includes a rod-like 
movable portion 1 62 connected to the link member 1 58a, 
and a drive portion 163 fixed to the other linkmember 
158b and adapted to displace the movable portion 162 
in a reciprocating manner. The actuating mechanism 1 59 
is pivotable about the connection member 161 together 
with the link members 158a, 158b. 
[0081] The movable portion 162 has a movable iron 
core 164 accommodated within the drive portion 163, 
and a connecting rod 165 connecting the movable iron 
core 164 and the link member 158b to each other. Fur- 
ther, the movable portion 1 62 is capable of reciprocating 
displacement between a contact position where the con- 
tact portions 1 57 come into contact with the car guide rail 
2 and a separated position where the contact portions 
1 57 are separated away from contact with the car guide 
rail 2. 

[0082] The drive portion 1 63 has a stationary iron core 
1 66 including a pair of regulating portions 1 66a and 1 66b 
regulating the displacement of the movable iron core 1 64 
and a side wall portion 1 66c that connects the regulating 
members 1 66a, 1 66b to each other and, surrounding the 
movable iron core 164, a first coil 167 which is accom- 
modated within the stationary iron core 166 and which, 
when supplied with electric current, causes the movable 
iron core 164 to be displaced into contact with the regu- 
lating portion 166a, a second coil 168 which is accom- 
modated within the stationary iron core 166 and which, 
when supplied with electric current, causes the movable 
iron core 1 64 to be displaced into contact with the other 
regulating portion 1 66b, and an annular permanent mag- 
net 1 69 arranged between the first coil 1 67 and the sec- 
ond coil 168. 

[0083] The regulating member 166a is so arranged 

that the movable iron core 164 abuts on the regulating 
member 166a when the movable portion 162 is at the 
separated position. Further, the other regulating member 
1 66b is so arranged that the movable iron core 1 64 abuts 
on the regulating member 166b when the movable por- 
tion 162 is at the contact position. 
[0084] The first coil 1 67 and the second coil 1 68 are 
annular electromagnets that surround the movable por- 
tion 162. Further, the first coil 167 is arranged between 
the permanent magnet 169 and the regulating portion 
166a, andthe second coil 168 is arranged between the 
permanent magnet 169 and the other regulating portion 
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166b. 

[0085] With the movable iron core 1 64 abutting on the 
regulating portion 166a, a space serving as a magnetic 
resistance exists between the movable iron core 1 64 and 
the other regulating member 166b, with the result that 
the amount of magnetic flux generated by the permanent 
magnet 1 69 becomes larger on the first coil 1 67 side than 
on the second coil 1 68 side. Thus, the movable iron core 
164 is retained in position while still abutting on the reg- 
ulating member 166a. 

[0086] Further, with the movable iron core 1 64 abutting 
on the other regulating portion 1 66b, a space serving as 
a magnetic resistance exists between the movable iron 
core 1 64 and the regulating member 1 66a, with the result 
that the amount of magnetic flux generated by the per- 
manent magnet 1 69 becomes larger on the second coil 
1 68 side than on the first coil 1 67 side. Thus, the movable 
iron core 1 64 is retained in position while still abutting on 
the other regulating member 166b. 
[0087] Electric power serving as an actuation signal 
from the output portion 32 can be input to the second coil 
168. When input with the actuation signal, the second 
coil 168 generates a magnetic flux acting against the 
force that keeps the movable iron core 1 64 in abutment 
with the regulating portion 166a. Further, electric power 
serving as a recovery signal from the output portion 32 
can be input to the first coil 167. When input with the 
recovery signal, the first coil 167 generates a magnetic 
flux acting against the force that keeps the movable iron 
core 164 in abutment with the other regulating portion 
166b. 

[0088] Othenwise, this embodiment is of the same con- 
struction as Embodiment 2. 

[0089] Next, operation is described. During normal op- 
eration, the movable portion 162 is located at the sepa- 
rated position, with the movable iron core 1 64 being held 
in abutment on the regulating portion 1 66a by the holding 
force of the pemrianent magnet 1 69. With the movable 
iron core 1 64 abutting on the regulating portion 1 66a, the 
wedge 34 is maintained at a spacing from the guide por- 
tion 36 and separated away from the car guide rail 2. 
[0090] Thereafter, as in Embodiment 2, by outputting 
an actuation signal to each safety gear 155 from the out- 
put portion 32, electric current is supplied to the second 
coil 1 68. This generates a magnetic flux around the sec- 
ond coil 1 68, which causes the movable iron core 1 64 to 
be displaced toward the other regulating portion 166b, 
that is, from the separated position to the contact position. 
As this happens, the contact portions 157 are displaced 
so as to approach each other, coming into contact with 
the car guide rail 2. Braking is thus applied to the wedge 
34 and the actuator portion 155. 
[0091] Thereafter, the guide portion 36 continues its 
descent, thus approaching the wedge 34 and the actuator 
portion 155. As a result, the wedge 34 is guided along 
the inclined surface 44, causing the car guide rail 2 to be 
held between the wedge 34 and the contact surface 45. 
Thereafter, the car 3 is braked through operations iden- 



tical to those of Embodiment 2. 

[0092] During the recovery phase, a recovery signal is 
transmitted from the output portion 32 to the first coil 1 67. 
As a result, a magnetic flux is generated around the first 
5 coil 167, causing the movable iron core 164 to be dis- 
placed from the contact position to the separated posi- 
tion. Thereafter, the press contact of the wedge 34 and 
the contact surface 45 with the car guide rail 2 is released 
in the same manner as in Embodiment 2. 
[0093] In the elevator apparatus as described above, 
the actuating mechanism 159 causes the pair of contact 
portions 157 to be displaced through the intemnediation 
of the link members 158a, 158b, whereby, in addition to 
the same effects as those of Embodiment 2, it is possible 
to reduce the number of actuating mechanisms 159 re- 
quired for displacing the pair of contact portions 157. 

Embodiment 10 

[0094] Fig. 1 7 is a partially cutaway side view showing 
a safety gear according to Embodiment 1 0 of the present 
invention. Referring to Fig. 1 7, a safety gear 1 75 has the 
wedge 34, an actuator portion 1 76 connected to a lower 
portion of the wedge 34, and the guide portion 36 ar- 
ranged above the wedge 34 and fixed to the car 3. 
[0095] The actuator portion 176 has the actuating 
mechanism 1 59 constructed in the same manner as that 
of Embodiment 9, and a link member 177 displaceable 
through displacement of the movable portion 162 of the 
actuating mechanism 159. 

[0096] The actuating mechanism 159 is fixed to a lower 
portion of the car 3 so as to allow reciprocating displace- 
ment of the movable portion 1 62 in the horizontal direc- 
tion with respect to the car 3. The link member 177 is 
pivotably provided to a stationary shaft 180 fixed to a 
lower portion of the car 3. The stationary shaft 180 is 
arranged below the actuating mechanism 159. 
[0097] The link member 1 77 has a first link portion 1 78 
and a second link portion 179 which extend in different 
directions from the stationary shaft 1 80 taken as the start 
point. The overall configuration of the link member 177 
is substantially a prone shape. That is, the second link 
portion 179 is fixed to the first link portion 178, and the 
first link portion 1 78 and the second link portion 1 79 are 
integrally pivotable about the stationary shaft 1 80. 
[0098] The length of the first link portion 1 78 is larger 
than that of the second link portion 1 79. Further, an elon- 
gate hole 182 is provided at the distal end portion of the 
first link portion 178. A slide pin 183, which is slidably 
passed through the elongate hole 1 82, is fixed to a lower 
portion of the wedge 34. That is, the wedge 34 is slidably 
connected to the distal end portion of the first link portion 
1 78. The distal end portion of the movable portion 1 62 
is pivotably connected to the distal end portion of the 
second link portion 179 through the intermediation of a 
connecting pin 181. 

[0099] The link member 1 77 is capable of reciprocating 
movement between a separated position where it keeps 
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the wedge 34 separated away from and below the guide 
portion 36 and an actuating position where it causes the 
wedge 34 to wedge In between the car guide rail and the 
guide portion 36. The movable portion 1 62 is projected 
from the drive portion 1 63 when the link member 1 77 is 
at the separated position, and it is retracted into the drive 
portion 1 63 when the link member is at the actuating po- 
sition. 

[01 00] Next, operation is described. During normal op- 
eration, the link member 1 77 is located at the separated 
position due to the retracting motion of the movable por- 
tion 162 into the drive portion 163. At this time, the wedge 
34 is maintained at a spacing from the guide portion 36 
and separated away from the car guide rail. 
[0101] Thereafter, in the same manner as in Embodi- 
ment 2, an actuation signal is output from the output por- 
tion 32 to each safety gear 1 75, causing the movable 
portion 1 62 to advance. As a result, the link member 1 77 
is pivoted about the stationary shaft 1 80 for displacement 
Into the actuating position. This causes the wedge 34 to 
come into contact with the guide portion 36 and the car 
guide rail, wedging in between the guide portion 36 and 
the car guide rail. Braking is thus applied to the car 3. 
[01 02] During the recovery phase, a recovery signal is 
transmitted from the output portion 32 to each safety gear 
1 75, causing the movable portion 1 62 to be urged in the 
retracting direction. The car 3 is raised in this state, thus 
releasing the wedging of the wedge 34 in between the 
guide portion 36 and the car guide rail. 
[0103] The above-described elevator apparatus also 
provides the same effects as those of Embodiment 2. 

Embodiment 1 1 

[0104] Fig. 18 is a schematic diagram showing an el- 
evator apparatus according to Embodiment 1 1 of the 
present invention. In Fig 1 8, a hoisting machine 1 01 serv- 
ing as a driving device and a control panel 102 are pro- 
vided in an upper portion within the hoistway 1 . The con- 
trol panel 102 is electrically connected to the hoisting 
machine 101 and controls the operation of the elevator. 
The hoisting machine 101 has a driving device main body 
103 including a motor and a driving sheave 104 rotated 
by the driving device main body 103. A plurality of main 
ropes 4 are wrapped around the sheave 104. The hoisting 
machine 101 further includes a deflector sheave 105 
around which each main rope 4 is wrapped, and a hoist- 
ing machine braking device (deceleration braking device) 
106 for braking the rotation of the drive sheave 104 to 
decelerate the car 3. The car 3 and a counter weight 1 07 
are suspended in the hoistway 1 by means of the main 
ropes 4. The car 3 and the counterweight 1 07 are raised 
and lowered in the hoistway 1 by driving the hoisting ma- 
chine 101. 

[01 05] The safety gear 33, the hoisting machine brak- 
ing device 106, and the control panel 1 02 are electrically 
connected to a monitor device 1 08 that constantly mon- 
itors the state of the elevator. A car position sensor 1 09, 



a car speed sensor 1 1 0, and a car acceleration sensor 
111 are also electrically connected to the monitor device 
1 08. The car position sensor 1 09, the car speed sensor 
1 1 0, and the car acceleration sensor 1 1 1 respectively 
5 serve as a car position detecting portion for detecting the 
speed of the car 3, a car speed detecting portion for de- 
tecting the speed of the car 3, and a car acceleration 
detecting portion for detecting the acceleration of the car 
3. The car position sensor 109, the car speed sensor 
1 1 0, and the car acceleration sensor 1 1 1 are provided 
in the hoistway 1. 

[01 06] Detection means 1 1 2 for detecting the state of 

the elevator includes the car position sensor 1 09, the car 
speed sensor 1 1 0, and the car acceleration sensor 111. 
Any of the following may be used for the car position 
sensor 109: an encoder that detects the position of the 
car 3 by measuring the amount of rotation of a rotary 
memberthat rotates as the car3 moves; a linear encoder 
that detects the position of the car 3 by measuring the 
amount of linear displacement of the car 3; an optical 
displacement measuring device which Includes, for ex- 
ample, a projector and a photodetector provided in the 
hoistway 1 and a reflection plate provided in the car 3, 
and which detects the position of the car 3 by measuring 
how long it takes for light projected from the projector to 
reach the photodetector. 

[01 07] The monitor device 1 08 includes a memory por- 
tion 1 1 3 and an output portion (calculation portion) 1 1 4. 
The memory portion 113 stores in advance a variety of 
(in this embodiment, two) abnormality determination cri- 
teria (set data) serving as criteria forjudging whether or 
not there is an abnormality in the elevator. The output 
portion 1 1 4 detects whether or not there Is an abnormality 
in the elevator based on information from the detection 
means 1 1 2 and the memory portion 1 1 3. The two kinds 
of abnormality determination criteria stored in the mem- 
ory portion 1 1 3 in this embodiment are car speed abnor- 
mality determination criteria relating to the speed of the 
car 3 and car acceleration abnormality determination cri- 
teria relating to the acceleration of the car 3. 
[0108] Fig. 19 is a graph showing the car speed ab- 
normality determination criteria stored in the memory por- 
tion 113 of Fig. 18. In Fig. 19, an ascending/descending 
section of the car 3 in the hoistway 1 (a section between 
one terminal floor and an other terminal floor) includes 
acceleration/deceleration sections and a constant speed 
section located between the acceleration/deceleration 
sections. The car 3 accelerates/decelerates in the accel- 
eration/deceleration sections respectively located in the 
vicinity of the one terminal floor and the other terminal 
floor. The car 3 travels at a constant speed In the constant 
speed section. 

[01 09] The car speed abnormality determination crite- 
ria has three detection patterns each associated with the 
position of the car 3. That Is, a normal speed detection 
pattern (normal level) 1 15 that is the speed of the car 3 
during normal operation, afirst abnormal speed detection 
pattern (first abnormal level) 1 1 6 having a larger value 
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than the normal speed detection pattern 1 15, and a sec- 
ond abnormal speed detection pattern (second abnormal 
level) 1 1 7 having a larger value than the first abnormal 
speed detection pattern 11 6 are set, each in association 

with the position of the car 3. 

[0110] The normal speed detection pattern 115, the 
first abnormal speed detection pattern 1 1 6, and a second 
abnormal speed detection pattern 1 1 7 are set so as to 
have a constant value In the constant speed section, and 
to have a value continuously becoming smaller toward 
the terminal floor in each of the acceleration and decel- 
eration sections. The difference In value between the first 
abnormal speed detection pattern 116 and the normal 
speed detection pattern 1 15, and the difference in value 
between the second abnormal speed detection pattern 
1 1 7 and the first abnormal speed detection pattern 1 1 6, 
are set to be substantially constant at all locations In the 
ascending/descending section. 

[01 1 1] Fig. 20 is a graph showing the car acceleration 
abnormality determination criteria stored In the memory 
portion 113 of Fig. 18. In Fig. 20, the car acceleration 
abnormality determination criteria has three detection 
patterns each associated with the position of the car 3. 
That is, a normal acceleration detection pattern (normal 
level) 1 1 8 that Is the acceleration of the car 3 during nor- 
mal operation, a first abnormal acceleration detection 
pattern (first abnormal level) 119 having a larger value 
than the normal acceleration detection pattern 118, and 
a second abnormal acceleration detection pattern (sec- 
ond abnormal level) 120 having a larger value than the 
first abnormal acceleration detection pattern 1 1 9 are set, 
each in association with the position of the car 3. 
[01 1 2] The normal acceleration detection pattern 1 1 8, 
the first abnormal acceleration detection pattern 1 1 9, and 
the second abnormal acceleration detection pattern 120 
are each set so as to have a value of zero in the constant 
speed section, a positive value in one of the acceleration/ 
deceleration section, and a negative value In the other 
acceleration/deceleration section. The difference in val- 
ue between the first abnormal acceleration detection pat- 
tern 119 and the normal acceleration detection pattern 
1 1 8, and the difference in value between the second ab- 
normal acceleration detection pattern 120 and the first 
abnormal acceleration detection pattern 119, are set to 
be substantially constant at all locations in the ascending/ 
descending section. 

[01 1 3] That is, the memory portion 1 1 3 stores the nor- 
mal speed detection pattern 115, the first abnormal 
speed detection pattern 116, and the second abnormal 
speed detection pattern 1 1 7 asthecarspeed abnormality 
detennlnatlon criteria, and stores the normal acceleration 
detection pattern 1 1 8, the first abnormal acceleration de- 
tection pattern 1 1 9, and the second abnormal accelera- 
tion detection pattern 120 as the car acceleration abnor- 
mality detemnlnation criteria. 

[0114] The safety gear 33, the control panel 102, the 
hoisting machine braking device 106, the detection 
means 112, and the memory portion 1 13 are electrically 



connected to the output portion 1 14. Further, a position 
detection signal, a speed detection signal, and an accel- 
eration detection signal are input to the output portion 
1 14 continuously overtime from the car position sensor 
5 1 09, the car speed sensor 1 1 0, and the car acceleration 
sensor 111. The output portion 1 14 calculates the posi- 
tion of the car 3 based on the Input position detection 
signal. The output portion 1 14 also calculates the speed 
of the car 3 and the acceleration of the car 3 based on 
the input speed detection signal and the input accelera- 
tion detection signal, respectively, as a variety of (in this 
example, two) abnormality determination factors. 
[01 15] The output portion 1 1 4 outputs an actuation sig- 
nal (trigger signal) to the hoisting machine braking device 
1 06 when the speed of the car 3 exceeds the first abnor- 
mal speed detection pattern 116, or when the accelera- 
tion of the car 3 exceeds the first abnormal acceleration 
detection pattern 1 1 9. At the same time, the output por- 
tion 1 14 outputs a stop signal to the control panel 1 02 to 
stop the drive of the hoisting machine 101. When the 
speed of the car 3 exceeds the second abnormal speed 
detection pattern 117, or when the acceleration of the 
car 3 exceeds the second abnormal acceleration detec- 
tion pattern 120, the output portion 1 14 outputs an actu- 
ation signal to the hoisting machine braking device 106 
and the safety gear 33. That is, the output portion 1 14 
determines to which braking means it should output the 
actuation signals according to the degree of the abnor- 
mality in the speed and the acceleration of the car 3. 
[01 1 6] Otherwise, this embodiment is of the same con- 
struction as Embodiment 2. 

[01 1 7] Next, operation is described. When the position 
detection signal, the speed detection signal, and the ac- 
celeration detection signal are input to the output portion 
1 1 4 from the car position sensor 1 09, the car speed sen- 
sor 110, and the car acceleration sensor 111, respec- 
tively, the output portion 1 14 calculates the position, the 
speed, and the acceleration of the car 3 based on the 
respective detection signals thus input. Afterthat, the out- 
put portion 1 1 4 compares the car speed abnormality de- 
termination criteria and the car acceleration abnomriallty 
determination criteria obtained from the memory portion 
1 1 3 with the speed and the acceleration of the car 3 cal- 
culated based on the respective detection signals input. 
Through this comparison, the output portion 1 1 4 detects 
whether or not there Is an abnormality In eltherthe speed 
or the acceleration of the car 3. 

[0118] During normal operation, the speed of the car 
3 has approximately the same value as the normal speed 
detection pattern, and the acceleration of the car 3 has 
approximatelythe same value as the normal acceleration 
detection pattern. Thus, the output portion 114 detects 
that there is no abnormality in either the speed or the 
acceleration of the car 3, and normal operation of the 
elevator continues. 

[0119] When, for example, the speed of the car 3 ab- 
normally increases and exceeds the first abnormal speed 
detection pattern 1 1 6 due to some cause, the output por- 
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tion 1 14 detects that there is an abnormality in the speed 
of the car 3. Then, the output portion 114 outputs an 
actuation signal and a stop signal to the hoisting machine 
braking device 1 06 and the control panel 1 02, respec- 
tively. As a result, the hoisting machine 101 is stopped, 
and the hoisting machine braking device 1 06 Is operated 
to brake the rotation of the drive sheave 1 04. 
[0120] When the acceleration of the car 3 abnormally 
increases and exceeds the first abnormal acceleration 
set value 1 1 9, the output portion 1 1 4 outputs an actuation 
signal and a stop signal to the hoisting machine braking 
device 1 06 and the control panel 1 02, respectively, there- 
by braking the rotation of the drive sheave 104. 
[0121] If the speed of the car 3 continues to increase 
afterthe actuation of the hoisting machine braking device 
1 06 and exceeds the second abnormal speed set value 
117, the output portion 114 outputs an actuation signal 
to the safety gear 33 while still outputting the actuation 
signal to the hoisting machine braking device 1 06. Thus, 
the safety gear 33 Is actuated and the car 3 Is braked 
through the same operation as that of Embodiment 2. 
[01 22] Further, when the acceleration of the car 3 con- 
tinues to increase afterthe actuation of the hoisting ma- 
chine braking device 106, and exceeds the second ab- 
normal acceleration set value 120, the output portion 114 
outputs an actuation signal to the safety gear 33 while 
still outputting the actuation signal to the hoisting ma- 
chine braking device 106. Thus, the safety gear 33 Is 
actuated. 

[0123] With such an elevator apparatus, the monitor 
device 1 08 obtains the speed of the car 3 and the accel- 
eration of the car 3 based on the Information from the 
detection means 1 12 for detecting the state of the eleva- 
tor. When the monitor device 1 08 judges that there is an 
abnormality in the obtained speed of the car 3 or the 
obtained acceleration of the car 3, the monitor device 
1 08 outputs an actuation signal to at least one of the 
hoisting machine braking device 1 06 and the safety gear 
33. That is, judgment of the presence or absence of an 
abnormality is made by the monitor device 1 08 separate- 
ly for a variety of abnormality determination factors such 
as the speed of the car and the acceleration of the car. 
Accordingly, an abnormality In the elevator can be de- 
tected earlier and more reliably. Therefore, it takes a 
shorter time for the braking force on the car 3 to be gen- 
erated after occurrence of an abnomnallty In the elevator. 
[0124] Further, the monitor device 108 includes the 
memory portion 1 1 3 that stores the car speed abnormal- 
ity determination criteria used forjudging whether or not 
there is an abnormality In the speed of the car 3, and the 
car acceleration abnormality determination criteria used 
forjudging whether or not there is an abnormality in the 
acceleration of the car 3. Therefore, it is easy to change 
thejudgmentcriteriausedforjudging whether or not there 
is an abnormality In the speed and the acceleration of 
the car 3, respectively, allowing easy adaptation to de- 
sign changes or the like of the elevator. 
[0125] Further, the following patterns are set for the 



car speed abnormality determination criteria: the normal 
speed detection pattern 115, the first abnormal speed 
detection pattern 1 1 6 having a larger value than the nor- 
mal speed detection pattern 115, and the second abnor- 
5 mal speed detection pattern 117 having a larger value 
than the first abnormal speed detection pattern 116. 
When the speed of the car 3 exceeds the first abnormal 
speed detection pattern 1 1 6, the monitor device 1 08 out- 
puts an actuation signal to the hoisting machine braking 
device 1 06, and when the speed of the car 3 exceeds the 
second abnormal speed detection pattern 1 1 7, the mon- 
itor device 1 08 outputs an actuation signal to the hoisting 
machine braking device 106 and the safety gear 33. 
Therefore, the car 3 can be braked stepwise according 
to the degree of this abnormality in the speed of the car 
3. As a result, the frequency of large shocks exerted on 
the car 3 can be reduced, and the car 3 can be more 
reliably stopped. 

[0126] Further, the following patterns are set for the 
car acceleration abnormality determination criteria: the 
normal acceleration detection pattern 1 1 8, the first ab- 
normal acceleration detection pattern 1 1 9 having a larger 
value than the normal acceleration detection pattern 1 1 8, 
and the second abnormal acceleration detection pattern 
120 having a larger value than the first abnormal accel- 
eration detection pattern 1 19. When the acceleration of 
the car 3 exceeds the first abnormal acceleration detec- 
tion pattern 1 1 9, the monitor device 1 08 outputs an ac- 
tuation signal to the hoisting machine braking device 1 06, 
and when the acceleration of the car 3 exceeds the sec- 
ond abnormal acceleration detection pattern 120, the 
monitor device 108 outputs an actuation signal to the 
hoisting machine braking device 1 06 and the safety gear 
33. Therefore, the car 3 can be braked stepwise accord- 
ing to the degree of an abnormality in the acceleration of 
the car 3. Normally, an abnormality occurs in the accel- 
eration of the car 3 before an abnormality occurs In the 
speed of the car 3. As a result, the frequency of large 
shocks exerted on the car 3 can be reduced, and the car 
3 can be more reliably stopped. 

[0127] Further, the normal speed detection pattern 
1 1 5, the first abnormal speed detection pattern 1 1 6, and 
the second abnormal speed detection pattern 117 are 
each set in association with the position of the car 3. 
Therefore, the first abnormal speed detection pattern 1 1 6 
and the second abnomnal speed detection pattern 1 1 7 
each can be set in association with the normal speed 
detection pattern 115 at all locations in the ascending/ 
descending section of the car 3. In the acceleration/de- 
celeration sections, In particular, the first abnormal speed 
detection pattern 1 1 6 and the second abnonnal speed 
detection pattern 1 1 7 each can be setto a relatively small 
value because the normal speed detection pattern 115 
has a small value. As a result, the impact acting on the 
car 3 upon braking can be mitigated. 
[0128] It should be noted that In the above-described 
example, the car speed sensor 110 is used when the 
monitor 108 obtains the speed of the car 3. However, 
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instead of using the car speed sensor 1 1 0, tine speed of 
the car 3 nnay be obtained fronn the position of the car 3 
detected by the car position sensor 1 09. That is, the 
speed of the car 3 may be obtained by differentiating the 
position of the car 3 calculated by using the position de- 
tection signal from the car position sensor 1 09. 
[0129] Further, in the above-described example, the 
car acceleration sensor 111 is used when the monitor 

108 obtains the acceleration of the car 3. However, in- 
stead of using the car acceleration sensor 111, the ac- 
celeration of the car 3 may be obtained from the position 
of the car 3 detected by the car position sensor 1 09. That 
is, the acceleration of the car 3 may be obtained by dif- 
ferentiating, twice, the position of the car 3 calculated by 
using the position detection signal from the car position 
sensor 109. 

[0130] Further, in the above-described example, the 
output portion 114 determines to which braking means 
it should output the actuation signals according to the 
degree of the abnonnallty In the speed and acceleration 
of the car 3 constituting the abnormality determination 
factors. However, the braking means to which the actu- 
ation signals are to be output may be determined in ad- 
vance for each abnormality determination factor. 

Embodiment 12 

[0131] Fig. 21 Is a schematic diagram showing an el- 
evator apparatus according to Embodiment 12 of the 
present invention. In Fig. 21 , a plurality of hall call buttons 
1 25 are provided in the hall of each floor. A plurality ofdes- 
tinationfloor buttons 126 a re provided in the car 3. A 
monitor device 127 has the output portion 114 . An ab- 
normality determination criteria generating device 128 
for generating a car speed abnormality determination cri- 
teria and a car acceleration abnormality determination 
criteria is electrically connected to the output portion 1 1 4. 
The abnormality detemnination criteria generating device 
128 is electrically connected to each hall call button 125 
and each destination floor button 126. A position detec- 
tion signal is input to the abnormality determination cri- 
teria generating device 128 from the car position sensor 

1 09 via the output portion 1 1 4. 

[01 32] The abnormality determination criteria generat- 
ing device 1 28 includes a memory portion 1 29 and a gen- 
eration portion 130. The memory portion 129 stores a 
plurality of car speed abnormality determination criteria 
and a plurality of car acceleration abnormality determi- 
nation criteria, which serve as abnormal judgmentcriteria 
for all the cases where the car 3 ascends and descends 
between the floors. The generation portion 130 selects 
a car speed abnormality determination criteria and a car 
acceleration abnormality determination criteria one by 
one from the memory portion 129, and outputs the car 
speed abnormality determination criteria and the car ac- 
celeration abnormality determination criteriato the output 
portion 1 14. 

[0133] Each car speed abnormality determination cri- 



teria has three detection patterns each associated with 
the position of the car 3, which are similar to those of Fig. 
1 9 of Embodiment 1 1 . Further, each car acceleration ab- 
normality determination criteria has three detection pat- 
5 terns each associated with the position ofthecar3, which 
are similar to those of Fig. 20 of Embodiment 1 1 . 
[01 34] The generation portion 1 30 calculates a detec- 
tion position of the car 3 based on Information from the 
car position sensor 1 09, and calculates a target floor of 
the car 3 based on information from at least one of the 
hall call buttons 125 and the destination floor buttons 
126. The generation portion 130 selects one by one a 
car speed abnormality determination criteria and a car 
acceleration abnormality determination criteria used for 
a case where the calculated detection position and the 
target floor are one and the other of the terminal floors. 
[01 35] Otherwise, this embodiment is of the same con- 
struction as Embodiment 1 1 . 

[0136] Next, operation is described. A position detec- 
tion signal Is constantly Input to the generation portion 
1 30 from the car position sensor 1 09 via the output por- 
tion 114. When a passenger or the like selects any one 
of the hall call buttons 1 25 or the destination floor buttons 
126 and a call signal is input to the generation portion 
1 30 from the selected button, the generation portion 1 30 
calculates a detection position and a target floor of the 
car 3 based on the input position detection signal and 
the input call signal, and selects one out of both a car 
speed abnormality determination criteria and a car ac- 
celeration abnormality determination criteria. After that, 
the generation portion 130 outputs the selected car 
speed abnormality determination criteria and the select- 
ed car acceleration abnormality detemrilnatlon criteria to 
the output portion 1 14. 

[0137] The output portion 1 14 detects whether or not 
there is an abnormality in the speed and the acceleration 
of the car 3 in the same way as in Embodiment 1 1 . There- 
after, this embodiment is of the same operation as Em- 
bodiment 9. 

[01 38] With such an elevator apparatus, the car speed 
abnonnallty determination criteria and the car accelera- 
tion abnonnallty determination criteria are generated 
based on the Information from at least one of the hall call 
buttons 1 25 and the destination floor buttons 1 26. There- 
fore, it is possible to generate the car speed abnormality 
determination criteria and the car acceleration abnomnal- 
ity determination criteria corresponding to the targetf loor. 
As a result, the time it takes for the braking force on the 
car 3 to be generated after occurrence of an abnormality 
In the elevator can be reduced even when a different 
target floor is selected. 

[0139] It should be noted that in the above-described 
example, the generation portion 130 selects one out of 
both the car speed abnormality determination criteria and 
car acceleration abnormality determination criteria from 
among a plurality of car speed abnormality detemnination 
criteria and a plurality of car acceleration abnormality de- 
termination criteria stored in the memory portion 129. 
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However, the generation portion nnay directly generate 
an abnornnal speed detection pattern and an abnornnal 
acceleration detection pattern based on the normal 
speed pattern and the nornnal acceleration pattern of the 
car 3 generated by the control panel 1 02. 

Enribodiment 13 

[0140] Fig. 22 is a schematic diagram showing an el- 
evator apparatus according to Embodiment 13 of the 
present invention. In this example, each of the main ropes 
4 Is connected to an upper portion of the car 3 via a rope 
fastening device 131 (Fig. 23). The monitor device 108 
is mounted on an upper portion of the car 3. The car 
position sensor 109, the car speed sensor 110, and a 
plurality of rope sensors 132 are electrically connected 
to the output portion 1 1 4. Rope sensors 1 32 are provided 
in the rope fastening device 131, and each serve as a 
rope break detecting portion for detecting whether or not 
a break has occurred In each of the ropes 4. The detection 
means 1 1 2 Includes the car position sensor 1 09, the car 
speed sensor 110, and the rope sensors 132. 
[01 41 ] The rope sensors 1 32 each output a rope brake 
detection signal to the output portion 1 1 4 when the main 
ropes 4 break. The memory portion 113 stores the car 
speed abnormality determination criteria similar to that 
of Embodiment 1 1 shown in Fig. 19, and a rope abnor- 
mality determination criteria used as a reference forjudg- 
ing whether or not there is an abnormality in the main 
ropes 4. 

[0142] A first abnormal level indicating a state where 
at least one of the main ropes 4 have broken, and a sec- 
ond abnormal level Indicating a state where all of the 
main ropes 4 has broken are set for the rope abnormality 
determination criteria. 

[0143] The output portion 1 14 calculates the position 
of the car 3 based on the input position detection signal. 
The output portion 114 also calculates the speed of the 
car 3 and the state of the main ropes 4 based on the input 
speed detection signal and the input rope brake signal, 
respectively, as a variety of (In this example, two) abnor- 
mality determination factors. 

[01 44] The output portion 1 1 4 outputs an actuation sig- 
nal (trigger signal) to the hoisting machine braking device 
1 06 when the speed of the car 3 exceeds the first abnor- 
mal speed detection pattern 116 (Fig. 19), or when at 
least one of the main ropes 4 breaks. When the speed 
of the car 3 exceeds the second abnormal speed detec- 
tion pattern 117 (Fig. 19), or when all of the main ropes 
4 break, the output portion 1 14 outputs an actuation sig- 
nal to the holstlngmachine braking device 106 and the 
safety gear 33. That is, the output portion 1 1 4 determines 
to which braking means it should output the actuation 
signals according to the degree of an abnormality in the 
speed of the car 3 and the state of the main ropes 4. 
[0145] Fig. 23 is a diagram showing the rope fastening 
device 131 and the rope sensors 132 of Fig. 22. Fig. 24 
is a diagram showing a state where one of the main ropes 



4 of Fig. 23 has broken. In Figs. 23 and 24, the rope 
fastening device 1 31 Includes a plurality of rope connec- 
tion portions 134 for connecting the main ropes 4 to the 
car 3. The rope connection portions 134 each Include an 
5 spring 133 provided between the main rope 4 and the 
car 3. The position of the car3 is displaceable with respect 
to the main ropes 4 by the expansion and contraction of 
the springs 133. 

[01 46] The rope sensors 1 32 are each provided to the 
10 rope connection portion 134. The rope sensors 132 each 
serve as a displacement measuring device for measuring 
the amount of expansion of the spring 133. Each rope 
sensor 1 32 constantly outputs a measurement signal cor- 
responding to the amount of expansion of the spring 1 33 
15 to the output portion 1 14. A measurement signal obtained 
when the expansion of the spring 133 returning to its 
original state has reached a predetemriined amount is 
inputtotheoutputportion 1 Mas a break detection signal. 
It should be noted that each of the rope connection por- 
20 tions 1 34 may be provided with a scale device that directly 
measures the tension of the main ropes 4. 
[01 47] Otherwise, this embodiment is of the same con- 
struction as Embodiment 1 1 . 

[01 48] Next, operation is described. When the position 

25 detection signal, the speed detection signal, and the 
break detection signal are input to the output portion 1 1 4 
from the car position sensor 109, the car speed sensor 
1 1 0, and each rope sensor 1 31 , respectively, the output 
portion 1 14calculates the position ofthecar3, thespeed 

30 of the car 3, and the number of main ropes 4 that have 
broken based on the respective detection signals thus 
input. After that, the output portion 1 1 4 compares the car 
speed abnormality determination criteria and the rope 
abnormality determination criteria obtained from the 

35 memory portion 1 1 3 with the speed of the car 3 and the 
number of broken main ropes 4 calculated based on the 
respective detection signals input. Through this compar- 
ison, the output portion 1 1 4 detects whether or not there 
is an abnormality in both the speed of the car 3 and the 

40 state of the main ropes 4. 

[0149] During normal operation, the speed of the car 

3 has approximately the same value as the normal speed 
detection pattern, and the number of broken main ropes 

4 is zero. Thus, the output portion 1 14 detects that there 
45 is no abnormality in either the speed of the car 3 or the 

state of the main ropes 4, and normal operation of the 
elevator continues. 

[0150] When, for example, the speed of the car 3 ab- 
normally increases and exceeds the first abnormal speed 

50 detection pattern 1 1 6 (Fig. 1 9) for some reason, the out- 
put portion 1 1 4 detects that there is an abnormality in the 
speed of the car 3. Then, the output portion 1 1 4 outputs 
an actuation signal and a stop signal to the hoisting ma- 
chine braking device 106 and the control panel 102, re- 

55 spectively. As a result, the hoisting machine 101 is 
stopped, and the hoisting machine raking device 106 is 
operated to brake the rotation of the drive sheave 1 04. 
[0151] Further, when at least one of the main ropes 4 
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has broken, the output portion 1 14 outputs an actuation 
signal and a stop signal to the hoisting nnachine braking 
device 1 06 and the control panel 1 02, respectively, there- 
by braking the rotation of the drive sheave 104. 
[0152] If the speed of the car 3 continues to increase 
after the actuation of the hoisting nnachine braking device 
106 and exceeds the second abnomnal speed set value 
1 1 7 (Fig. 1 9), the output portion 1 1 4 outputs an actuation 
signal to the safety gear 33 while still outputting the ac- 
tuation signal to the hoisting nnachine braking device 1 06. 
Thus, the safety gear 33 is actuated and the car 3 is 
braked through the sanne operation as that of Embodi- 
ment 2. 

[0153] Further, if all the main ropes 4 break after the 
actuation of the hoisting machine braking device 1 06, the 
output portion 1 1 4 outputs an actuation signal to the safe- 
ty gear 33 while still outputting the actuation signal to the 
hoisting machine braking device 106. Thus, the safety 
gear 33 is actuated. 

[0154] With such an elevator apparatus, the monitor 
device 1 08 obtains the speed of the car 3 and the state 
of the main ropes 4 based on the infonnatlon from the 
detection means 11 2 for detecting the state of the eleva- 
tor. When the monitor device 1 08 judges that there is an 
abnormality In the obtained speed of the car 3 or the 
obtained state of the main ropes 4, the monitor device 
108 outputs an actuation signal to at least one of the 
hoisting machine braking device 1 06 and the safety gear 
33. This means thatthe number of targets for abnormality 
detection increases, allowing abnormality detection of 
not only the speed of the car 3 but also the state of the 
main ropes 4. Accordingly, an abnormality in the elevator 
can be detected earlier and more reliably. Therefore, It 
takes a shorter time for the braking force on the car 3 to 
be generated after occurrence of an abnormality in the 
elevator. 

[0155] It should be noted that in the above-described 
example, the rope sensor 132 Is disposed in the rope 
fastening device 131 provided to the car 3. However, the 
rope sensor 132 may be disposed in a rope fastening 
device provided to the counterweight 107. 
[0156] Further, in the above-described example, the 
present invention is applied to an elevator apparatus of 
the type in which the car 3 and the counterweight 107 
are suspended in the hoistway 1 by connecting one end 
portion and the other end portion of the main rope 4 to 
the car 3 and the counterweight 1 07, respectively. How- 
ever, the present invention may also be applied to an 
elevator apparatus of the type in which the car 3 and the 
counterweight 107 are suspended in the hoistway 1 by 
wrapping the main rope 4 around a car suspension 
sheave and a counterweight suspension sheave, with 
one end portion and the other end portion of the main 
rope 4 connected to structures arranged in the hoistway 
1. In this case, the rope sensor Is disposed in the rope 
fastening device provided to the structures arranged in 
the hoistway 1 . 



Embodiment 14 

[0157] Fig. 25 is a schematic diagram showing an el- 
evator apparatus according to Embodiment 14 of the 
5 present invention. In this example, a rope sensor 135 
serving as a rope brake detecting portion is constituted 
by lead wires embedded In each of the main ropes 4. 
Each of the lead wires extends In the longitudinal direc- 
tion of the rope 4. Both end portion of each lead wire are 
electrically connected to the output portion 1 1 4. A weak 
current flows in the lead wires. Cut-off of current flowing 
In each of the lead wires is Input as a rope brake detection 
signal to the output portion 1 14. 

[01 58] Otherwise, this embodiment is of the same con- 
struction as Embodiment 13. 

[01 59] With such an elevator apparatus, a break in any 
main rope 4 Is detected based on cutting off of current 
supply to any lead wire embedded in the main ropes 4. 
Accordingly, whether or not the rope has broken is more 
reliably detected without being affected by a change of 
tension of the main ropes 4 due to acceleration and de- 
celeration of the car 3. 

Embodiment 15 

[0160] Fig. 26 is a schematic diagram showing an el- 
evator apparatus according to Embodiment 15 of the 
present invention. In Fig. 26, the car position sensor 1 09, 
the car speed sensor 110, and a door sensor 140 are 
electrically connected to the output portion 1 1 4. The door 
sensor 1 40 serves as an entrance open/closed detecting 
portion for detecting open/closed of the car entrance 26. 
The detection means 112 Includes the car position sen- 
sor 1 09, the car speed sensor 1 1 0, and the door sensor 
140. 

[01 61 ] The door sensor 1 40 outputs a door-closed de- 
tection signal to the output portion 1 1 4 when the car en- 
trance 26 is closed. The memory portion 1 13 stores the 
car speed abnormality determination criteria similar to 
that of Embodiment 1 1 shown in Fig. 1 9, and an entrance 
abnormality determination criteria used as a reference 
forjudging whether or not there is an abnomnality in the 
open/close state of the car entrance 26. If the car as- 
cends/descends while the car entrance 26 is not closed, 
the entrance abnormality determination criteria regards 
this as an abnormal state. 

[0162] The output portion 114 calculates the position 
of the car 3 based on the input position detection signal. 
The output portion 1 14 also calculates the speed of the 
car 3 and the state of the car entrance 26 based on the 
input speed detection signal and the Input door-closing 
detection signal, respectively, as a variety of (in this ex- 
ample, two) abnormality determination factors. 
[01 63] The output portion 1 1 4 outputs an actuation sig- 
nal to the hoisting machine braking device 1 04 If the car 
ascends/descends while the car entrance 26 is not 
closed, or if the speed of the car 3 exceeds the first ab- 
normal speed detection pattern 1 16 (Fig. 19). If the speed 
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of the car 3 exceeds the second abnormal speed detec- 
tion pattern 1 1 7 (Fig. 1 9), the output portion 1 1 4 outputs 
an actuation signal to the hoisting machine braking de- 
vice 1 06 and the safety gear 33. 

[0164] Fig. 27 is a perspective view of the car 3 and 
the door sensor 140 of Fig. 26. Fig. 28 is a perspective 
view showing a state In which the car entrance 26 of Fig. 
27 is open. In Figs. 27 and 28, the door sensor 140 is 
provided at an upper portion of the car entrance 26 and 
in the center of the car entrance 26 with respect to the 
width direction of the car 3. The door sensor 140 detects 
displacement of each of the car doors 28 into the door- 
closedposition, and outputs the door-closed detection 
signal to the output portion 114. 

[01 65] It should be noted that a contact type sensor, a 
proximity sensor, or the like may be used for the door 
sensor 140. The contact type sensor detects closing of 
the doors through its contact with a fixed portion secured 
to each of the car doors 28. The proximity sensor detects 
closing of the doors without contacting the car doors 28. 
Further, a pair of hall doors 1 42 for opening/closing a hall 
entrance 141 are provided at the hall entrance 141 . The 
hall doors 1 42 are engaged to the car doors 28 by means 
of an engagement device (not shown) when the car 3 
rests at a hall floor, and are displaced together with the 
car doors 28. 

[01 66] Otherwise, this embodiment is of the same con- 
struction as Embodiment 1 1 . 

[01 67] Next, operation is described. When the position 
detection signal, the speed detection signal, and the 
door-closed detection signal are input to the output por- 
tion 1 1 4 from the car position sensor 1 09, the car speed 
sensor 110, and the door sensor 140, respectively, the 
output portion 114 calculates the position of the car 3, 
the speed of the car 3, and the state of the car entrance 
26 based on the respective detection signals thus input. 
Afterthat, the output portion 1 14 compares the car speed 
abnormality determination criteria and the drive device 
state abnormality determination criteria obtained from 
the memory portion 1 1 3 with the speed of the car 3 and 
the state of the car of the car doors 28 calculated based 
on the respective detection signals input. Through this 
comparison, the output portion 114 detects whether or 
not there is an abnormality in each of the speed of the 
car 3 and the state of the car entrance 26. 
[0168] During normal operation, the speed of the car 
3 has approximatelythe same value as the normal speed 
detection pattern, and the car entrance 26 is closed while 
the car 3 ascends/descends. Thus, the output portion 
114 detects that there is no abnormality in each of the 
speed of the car 3 and the state of the car entrance 26, 
and normal operation of the elevator continues. 
[0169] When, for instance, the speed of the car 3 ab- 
nomrially increases and exceeds the first abnomnal speed 
detection pattern 1 1 6 (Fig. 1 9) for some reason, the out- 
put portion 1 1 4 detects that there is an abnormality in the 
speed of the car 3. Then, the output portion 1 1 4 outputs 
an actuation signal and a stop signal to the hoisting ma- 



chine braking device 106 and the control panel 102, re- 
spectively. As a result, the hoisting machine 101 is 
stopped, and the hoisting machine braking device 1 06 is 
actuated to brake the rotation of the drive sheave 1 04. 
5 [0170] Further, the output portion 1 14 also detects an 
abnormality in the car entrance 26 when the car 3 as- 
cends/descends while the car entrance 26 is not closed. 
Then, the output portion 1 14 outputs an actuation signal 
and a stop signal to the hoisting machine braking device 
1 06 and the control panel 1 02, respectively, thereby brak- 
ing the rotation of the drive sheave 1 04. 
[0171] When the speed of the car 3 continues to in- 
crease afterthe actuation of the hoisting machine braking 
device 106, and exceeds the second abnormal speed 
set value 117 (Fig. 19), the output portion 114 outputs 
an actuation signal to the safety gear 33 while still out- 
putting the actuation signal to the hoisting machine brak- 
ing device 1 06. Thus, the safety gear 33 is actuated and 
the car 3 is braked through the same operation as that 
of Embodiment 2. 

[0172] With such an elevator apparatus, the monitor 
device 1 08 obtains the speed of the car 3 and the state 

of the car entrance 26 based on the information from the 
detection means 1 1 2 for detecting the state of the eleva- 
tor. When the monitor device 1 08 judges that there is an 
abnormality in the obtained speed of the car 3 or the 
obtained state of the car entrance 26, the monitor device 
108 outputs an actuation signal to at least one of the 
hoisting machine braking device 1 06 and the safety gear 
33. This means that the number of targets for abnomnality 
detection increases, allowing abnormality detection of 
not only the speed of the car 3 but also the state of the 
car entrance 26. Accordingly, abnormalities of the eleva- 
tor can be detected earlier and more reliably. Therefore, 
it takes less time for the braking force on the car 3 to be 
generated after occurrence of an abnormality In the ele- 
vator. 

[0173] It should be noted that while in the above-de- 
scribed example, the door sensor 140 only detects the 
state of the car entrance 26, the door sensor 140 may 
detect both the state of the car entrance 26 and the state 
of the elevator hall entrance 141. In this case, the door 
sensor 140 detects displacement of the elevator hall 
doors 142 into the door-closed position, as well as dis- 
placement of the car doors 28 into the door-closed posi- 
tion. With this construction, abnormality In the elevator 
can be detected even when only the car doors 28 are 
displaced due to a problem with the engagement device 
or the like that engages the car doors 28 and the elevator 
hall doors 142 with each other. 

Embodiment 16 

[0174] Fig. 29 Is a schematic diagram showing an el- 
evator apparatus according to Embodiment 16 of the 
present invention. Fig. 30 is a diagram showing an upper 
portion of the hoistway 1 of Fig. 29. In Figs. 29 and 30, 
a power supply cable 1 50 is electrically connected to the 
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hoisting machine 101. Drive power is supplied to the 
hoisting nnachine 101 via the power supply cable 150 
through control of the control panel 102. 
[01 75] A current sensor 1 51 serving as a drive device 
detection portion is provided to the power supply cable 
1 50. The current sensor 151 detects the state of the hoist- 
ing machine 1 01 by measuring the current flowing in the 
power supply cable 150. The current sensor 151 outputs 
to the output portion 114a current detection signal (drive 
device state detection signal) corresponding to the value 
of a current in the power supply cable 150. The current 
sensor 151 is provided in the upper portion of the hoist- 
way 1 . A current transformer (CT) that measures an in- 
duction current generated in accordance with the amount 
of current flowing in the power supply cable 150 is used 
as the current sensor 1 51 , for example. 
[01 76] The car position sensor 1 09, the car speed sen- 
sor 1 1 0, and the current sensor 151 are electrically con- 
nected to the output portion 114. The detectionmeans 
1 1 2 includes the car position sensor 1 09, the car speed 
sensor 1 1 0, and the current sensor 151. 
[0177] The memory portion 113 stores the car speed 
abnormality determination criteria similar to that of Em- 
bodiment 1 1 shown in Fig. 1 9, and a drive device abnor- 
mality determination criteria used as a reference for de- 
termining whether or not there is an abnonnallty in the 
state of the hoisting machine 101. 
[01 78] The drive device abnormality determination cri- 
teria has three detection patterns. That is, a normal level 
that is the current value flowing in the power supply cable 
150 during normal operation, afirst abnormal level having 
a larger value than the normal level, and a second ab- 
nomrial level having a larger value than the first abnormal 
level, are set for the drive device abnormality determina- 
tion criteria. 

[0179] The output portion 1 14 calculates the position 
of the car 3 based on the input position detection signal. 
The output portion 114 also calculates the speed of the 
car 3 and the state of the hoisting device 101 based on 
the input speed detection signal and the input current 
detection signal, respectively, as a variety of (In this ex- 
ample, two) abnormality determination factors. 
[01 80] The output portion 1 1 4 outputs an actuation sig- 
nal (trigger signal) to the hoisting machine braking device 
1 06 when the speed of the car 3 exceeds the first abnor- 
mal speed detection pattern 116 (Fig. 19), or when the 
amount of the current flowing in the power supply cable 
150 exceeds the value of the first abnormal level of the 
drive device abnormality determination criteria. When the 
speed of the car 3 exceeds the second abnomrial speed 
detection pattern 117 (Fig. 19), or when the amount of 
the currentflowing in the powersupply cable 1 50 exceeds 
the value of the second abnormal level of the drive device 
abnormality detemnlnatlon criteria, the output portion 1 14 
outputs an actuation signal to the hoisting machine brak- 
ing device 1 06 and the safety gear 33. That is, the output 
portion 1 1 4 determines to which braking means it should 
output the actuation signals according to the degree of 



abnormality in each of the speed of the car 3 and the 
state of the hoisting machine 101. 
[01 81 ] Otherwise, this embodiment is of the same con- 
struction as embodiment 1 1 . 

5 [01 82] Next, operation is described. When the position 
detection signal, the speed detection signal, and the cur- 
rent detection signal are input to the output portion 114 
from the car position sensor 1 09, the car speed sensor 
1 1 0, and the current sensor 151, respectively, the output 

10 portion 1 14 calculates the position ofthecarS, the speed 
of the car 3, and the amount of current flowing in the 
power supply cable 151 based on the respective detec- 
tion signals thus input. After that, the output portion 1 14 
compares the car speed abnormality determination cri- 

15 teria and the drive device state abnormality determination 
criteria obtained from the memory portion 113 with the 
speed of the car 3 and the amount of the current flowing 
into the current supply cable 150 calculated based on 
the respective detection signals input. Through this com- 

20 parlson, the output portion 114 detects whether or not 
there Is an abnonnallty in each of the speed of the car 3 
and the state of the hoisting machine 1 01 . 
[0183] During normal operation, the speed of the car 
3 has approximately the same value as the normal speed 

25 detection pattern 1 15 (Fig. 1 9), and the amount of current 
flowing in the power supply cable 150 is at the normal 
level. Thus, the output portion 1 14 detects that there is 
no abnormality in each of the speed of the car 3 and the 
state of the hoisting machine 101, and normal operation 

30 of the elevator continues. 

[0184] If, for instance, the speed of the car 3 abnor- 
mally increases and exceeds the first abnormal speed 
detection pattern 1 1 6 (Fig. 1 9) for some reason, the out- 
put portion 1 1 4 detects that there is an abnormality in the 

35 speed of the car 3. Then, the output portion 1 1 4 outputs 
an actuation signal and a stop signal to the hoisting ma- 
chine braking device 106 and the control panel 102, re- 
spectively. As a result, the hoisting machine 101 is 
stopped, and the hoisting machine braking device 1 06 is 

40 actuated to brake the rotation of the drive sheave 1 04. 
[0185] If the amount of current flowing in the power 
supply cable 150 exceeds the first abnormal level in the 
drive device state abnormality determination criteria, the 
output portion 1 1 4 outputs an actuation signal and a stop 

45 signal to the hoisting machine braking device 106 and 
the control panel 1 02, respectively, thereby braking the 
rotation of the drive sheave 104. 

[0186] When the speed of the car 3 continues to in- 
crease afterthe actuation of the hoisting machine braking 

50 device 1 06, and exceeds the second abnormal speed 
set value 117 (Fig. 19), the output portion 114 outputs 
an actuation signal to the safety gear 33 while still out- 
putting the actuation signal to the hoisting machine brak- 
ing device 1 06. Thus, the safety gear 33 is actuated and 

55 the car 3 Is braked through the same operation as that 
of Embodiment 2. 

[0187] When the amount of currentflowing in the pow- 
er supply cable 1 50 exceeds the second abnormal level 
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of the drive device state abnormality determination crite- 
ria after the actuation of the hoisting machine braking 
device 106, the output portion 114 outputs an actuation 
signal to the safety gear 33 while still outputting the ac- 
tuation signal to the hoisting machine braking device 1 06. 
Thus, the safety gear 33 is actuated. 
[0188] With such an elevator apparatus, the monitor 
device 1 08 obtains the speed of the car 3 and the state 
of the hoisting machine 1 01 based on the information 
from the detection means 112 for detecting the state of 
the elevator. When the monitor device 108 judges that 
there Is an abnomnality in the obtained speed of the car 
3 or the state of the hoisting machine 101, the monitor 
device 108 outputs an actuation signal to at least one of 
the hoisting machine braking device 106 and the safety 
gear 33. This means that the number of targets for ab- 
nonnality detection increases, and it takes a shorter time 
for the braking force on the car 3 to be generated after 
occurrence of an abnormality in the elevator. 
[0189] It should be noted that in the above-described 
example, the state of the hoisting machine 1 01 is detect- 
ed using the current sensor 151 for measuring the 
amount of the current flowing in the power supply cable 
150. However the state of the hoisting machine 101 may 
be detected using a temperature sensor for measuring 
the temperature of the hoisting machine 1 01 . 
[0190] Further, in Embodiments 11 through 16 de- 
scribed above, the output portion 114 outputs an actua- 
tion signal to the hoisting machine braking device 106 
before outputting an actuation signal to the safety gear 
33. However, the output portion 1 1 4 may instead output 
an actuation signal to one of the following brakes: a car 
brake for braking the car 3 by gripping the car guide rail 
2, which is mounted on the car 3 independently of the 
safety gear 33; a counterweight brake mounted on the 
counterweight 1 07 for braking the counterweight 1 07 by 
gripping a countenweight guide rail for guiding the coun- 
terweight 1 07; and a rope brake mounted in the hoistway 
1 for braking the main ropes 4 by locking up the main 
ropes 4. 

[0191] Further, in Embodiments 1 through 16 de- 
scribed above, the electric cable is used as the transmit- 
ting means for supplying power from the output portion 
to the safety gear. However, a wireless communication 
device having a transmitter provided at the output portion 
and a receiver provided at the safety gear may be used 
instead. Alternatively, an optical fiber cable that transmits 
an optical signal may be used. 

[0192] Further, in Embodiments 1 through 16, the safe- 
ty gear applies braking with respect to overspeed (mo- 
tion) of the car in the downward direction. However, the 
safety gear may apply braking with respect to overspeed 
(motion) of the car in the upward direction by using the 
safety gear fixed upside down to the car. 

Embodiment 17 

[0193] Next, reference is made to Fig. 31, which is a 



block diagram showing an essential part of an elevator 
control apparatus according to Embodiment 1 7 of the 
present invention. This elevator control apparatus con- 
trols a plurality of control system equipment 203 and a 
5 plurality of safety equipment 206. To ensure reliability 
sufficient to control the safety system equipment 206 in 
particular, a duplexed-system circuit arrangement is 
adopted. 

[0194] The elevator control apparatus employs first 
10 and second CPU's (processing portions) 201 and 202. 
The first CPU 201 outputs control signals to the control 
system equipment 203 and to a first output interface (out- 
put portion) 204. The second CPU 202 outputs control 
signals to the control system equipment 203 and to a 
15 second output interface (output portion) 205. 

[0195] Upon receiving identical control signals from 
the first and second CPU's 201 and 202, the control sys- 
tem equipment 203 are controlled by those control sig- 
nals. Examples of the control system equipment 203 are 
20 the motor for the drive unit, the brake for the drive unit, 
and the door device and the like as described in the fore- 
going embodiments. 

[0196] The first and second output interfaces 204 and 

205 drive and control the safety system equipment 206 
25 based on control signals from the first and second CPU's 

201 and 202. Upon receiving actuation signals (com- 
mand signals) from the first and second output interfaces 
204 and 205, the safety system equipment 206 operate 
to shift the elevator to a safe state. 
30 [01 97] Examples of the safety system equipment 206 
are, for example, the safety gears (direct-acting emer- 
gency stops) 5, 33, 77, and 78 described in Embodiments 
1 to 1 6. Further, each piece of safety system equipment 

206 may be an electronic governor (direct-acting rope 
35 catch) provided on or near a speed governor and having 

an actuator portion that grips a speed governor rope 
through the input of an actuation signal. 
[0198] A two-port RAM 209 serving to exchange data 
between the first and second CPU' s 201 and 202 is con- 
40 nected to the first and second CPU' s 201 and 202. A 
first watchdog timer 210 is connected to the first CPU 
201 . A second watchdog timer 21 1 is connected to the 
second CPU 202. 

[01 99] Signals from first and second encoders 21 2 and 
45 213 are input to the first CPU 201 . Signals from the first 
and second encoders 212 and 213 are also input to the 
second CPU 202 as well. The signals from the first and 
second encoders 21 2 and 21 3 are subjected to arithmetic 
processings in the CPU' s 201, 202, whereby a speed 
50 and a position of the car 3 (Fig. 1) are calculated. That 
is, the encoders 212 and 213 function as both a speed 
sensor and a position sensor. 

[0200] The encoders 21 2 and 213 are provided on, for 
example, the speed governor described in the foregoing 
55 embodiments or the like. Further, as described in the 
foregoing embodiments, signals from various sensors 
used to control the elevator apparatus are also input to 
the CPU's 201 and 202. 
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[0201] A first clock signal from a first clock 21 4 is input 
to the first CPU 201 . A second clock signal from a second 
clock 215 is input to the second CPU 202. The frequen- 
cies of the first and second clock signals are set equal 
to each other. 5 
[0202] The first and second clock signals are input to 
a clock abnormality detecting circuit 216 as well. The 
clock abnormality detecting circuit 216 counts the num- 
bers of pulses of the first and of the second clock signals, 
and detects abnormalities in the first and in the second 
clock signals from a difference between the numbers of 
the pulses. 

[0203] The first and second CPU' s 201 and 202 trans- 
mit to the clock abnormality detecting circuit 216 test 
mode signals 217 and 218 for checking the integrity of ^5 
the clock abnormality detecting circuit 216. Further, the 
first and second CPU's 201 and 202 transmit to the clock 
abnormality detecting circuit 216 detection start com- 
mand signals 21 9 and 220 forstarting detection of a clock 
abnormality. 20 
[0204] Further, when detecting a clock abnonnallty, 
the clock abnormality detecting circuit 216 Inputs error 
signals 221 and 222 to the first and second CPU's 201 
and 202. 

[0205] Fig. 32 Is a schematic diagram showing a spe- 25 

cific configuration of the clock abnormality detecting cir- 
cuit 21 6 of Fig. 31 . The clock abnormality detecting circuit 
21 6 is provided with a first monitoring counter 231 and a 
first monitored counter 232 for counting the number of 
pulse edges of the first clock signal, and a second mon- so 
itoring counter 233 and a second monitored counter 234 
for counting the number of pulse edges of the second 
clock signal. 

[0206] The first clock signal is input to the first moni- 
tored counter 232 via a first selector 235. A changeover 35 
between a normal circuit and a test circuit is possible in 
the first selector 235. In the normal circuit, the first clock 
signal is directly input to the first monitored counter 232. 
In the test circuit, the first clock signal is multiplied in a 
first multiplying circuit 236 and then input to the first mon- 
itored counter 232. A changeover to the test circuit is 
made when the test mode signal 21 7 from the first CPU 
201 is input to the first selector 235. 
[0207] Similarly, the second clock signal is input to the 
second monitored counter 234 via a second selector 237. 45 
A changeover between a nomnal circuit and a test circuit 
is possible in the second selector 237. In the normal cir- 
cuit, the second clock signal is directly input to the second 
monitored counter 234. In the test circuit, the second 
clock signal is multiplied in a second multiplying circuit 50 
238 and then Input to the second monitored counter 234. 
A changeover to the test circuit is made when the test 
mode signal 218 from the second CPU 202 is input to 
the second selector 237. 

[0208] Ripple carry output signals from the first and 55 
second monitored counters 232 and 234, namely, the 
error signals 221 and 222 are latched in first and second 
latch portions 239 and 240. The first and second latch 



40 

portions 239 and 240 release latched states of the error 
signals 221 and 222 in response to latch release signals 
241 and 242 from the first and second CPU's 201 and 
202. 

[0209] When error signals from the clock abnormality 
detecting circuit 21 6 are input to the CPU's 201 and 202, 
abnonnallty detection signals are output from the CPU's 

201 and 202 to the output Interfaces 204 and 205. Then, 
actuation signals are output from the output interfaces 
204 and 205 to the safety system equipment 206, which 
results in shifting the elevator to a safe state. 

[021 0] A program for calculating a position and a speed 
of the car 3, a program for making a determination on an 
abnormality in the elevator, and the like are stored in a 
ROM (not shown), which is a storage portion connected 
to the CPU' s 201 and 202. The elevator control appara- 
tus of Embodiment 1 7 includes a computer (microcom- 
puter) including the CPU's 201 and 202 shown in Fig. 31 
and the ROM. 

[0211] Next, operation is described. Pulse signals out- 
put from the encoders 212 and 213 are input to the CPU' 
s201 and 202. The CPU's 201 and 202 subject the pulse 
signals to arithmetic processings respectively, thus cal- 
culating positions and speeds of the car 3 respectively. 
The calculated positions and the calculated speeds are 
compared with each other respectively via the two-port 
RAM 209, and then compared with set values (reference 
values) for making a determination on an abnonnallty. 
[0212] When an abnomnality such as an overspeed or 
an abnormal position is detected, the safety system 
equipment 206 are driven/controlled via the output inter- 
faces 204 and 205, with the result that the elevator is 
shifted to a safe state. A shift to the safe state means, 
for instance, a quick stop of the car 3. After the elevator 
has been shifted to the safe state, the control system 
equipment 203 are also controlled as circumstances de- 
mand. 

[0213] When calculation results of the CPU' s 201 and 

202 are different from each other, it is determined that 
there is an abnormality in the system of either the CPU 
201 or the CPU 202. In this case as well, the elevator is 
shifted to the safe state. 

[0214] In contrast, when the calculated positions and 

speeds are not abnormal, a control signal for operating 
the elevator apparatus is generated and output to the 
control system equipment 203. 

[0215] In each ofthe CPU's 201 and 202, an operation 
forcalculating aspeed ofthe car is performed by counting 
the number of pulse signals that are input within a given 
period of time. Timers managing the "given period of 
time" are created by clock signals from the clocks 214 
and 215. Therefore, the frequencies ofthe clock signals 
are very important. 

[0216] In particular. It Is necessary to pay attention to 
an abnonnallty involving a rise In frequency when mon- 
itoring an overspeed ofthe car 3. For instance, when the 
frequency of a clock signal is reduced by half because 
of some failure while presuming that the number of pulse 
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signals is counted at intervals of 10 milliseconds, the 
number of pulse signals is actually counted at intervals 
of 5 milliseconds. In this case, the car speed calculated 
in each of the CPU's 201 and 202 is erroneously recog- 
nized as half of the actual car speed, thus mal<ing it im- 
possible to detect an overspeed. 
[021 7] For this situation, in Embodiment 1 7, clock sig- 
nals from the first and second clocks 214 and 215 are 
input to the clock abnormality detecting circuit 21 6, and 
it is monitored whether or not there is an abnormality in 
those clock signals. 

[0218] Next, the details of a clock abnormality moni- 
toring operation are described. First of all, when a power 
source is reset, the counters 231 to 234 start counting 
the numbers of clock pulses immediately after the re- 
spective devices have been stabilized. Although the error 
signals 221 and 222 are thereby latched, they are ignored 
in the CPU's 201 and 202 at the outset. 
[0219] After that. High signals are given to the detec- 
tion start command signals 219 and 220, and then, the 
latch release signals 241 and 242 are transmitted from 
the CPU' s 201 and 202 to the clock abnormality detecting 
circuit 21 6. 

[0220] Preset data values of the counters 231 to 234 
are loaded into the counters 231 to 234 respectively, by 
means of first ripple carry output signals that are output 
from the monitoring counters 231 and 233 after the de- 
tection start command signals 21 9 and 220 have become 
High, so that the counters 231 to 234 start counting up. 
The preset data values are count values at the time of 
starting the counting by the counters 231 to 234. 
[0221 ] For instance, 0 is preset as the preset data val- 
ues of the monitored counters 232 and 234. Further, a 
threshold for making a determination on a clock abnor- 
mality is preset as the preset data values of the monitor- 
ing counters 231 and 233. A value larger than the preset 
data values of the monitored counters 232 and 234, which 
is 4 in this case, is set as the preset data values of the 
monitoring counters 231 and 233. 
[0222] The monitoring counters 231 and 233 repeat- 
edly count the numbers of pulses within a range shorter 
than that of the monitored counters 232 and 234. Every 
time the monitoring counters 231 and 233 carry over, 
they reset the monitored counters 232 and 234. The mon- 
itored counters 232 and 234 also operate to repeatedly 
count the numbers of pulses. During nonnal operation, 
however, the monitoring counters 231 and 233 carry over 
before the monitored counters 232 and 234 carry over, 
with the result that the monitored counters 232 and 234 
are reset. 

[0223] Those preset data values can be arbitrarily set 

by configuring the clock abnormality detecting circuit 21 6 
out of, for example, a field programmable gate array (FP- 
GA). 

[0224] When the two clocks 21 4 and 21 5 are in normal 
operation, the monitored counters 232 and 234 are reset 
by ripple carry output signals of the monitoring counters 
231 and 233 at a count value that is smaller by 4 than a 



count value at which ripple carry output signals, namely, 
the error signals 221 and 222 are output due to carry- 
over of the monitored counters 232 and 234. As a result, 
the error signals are not output. 
5 [0225] On the other hand, when an abnormality of, for 
instance, a rise in the frequency of the first clock 214 
occurs, a ripple carry output signal of the first monitored 
counter 232, namely, the error signal 221 is output before 
a ripple carry output signal of the second monitoring 
counter 233 resets the first monitored counter 232. As a 
result, the error signal 221 is latched by the latch portion 
239. 

[0226] Further, when an abnormality of, for instance, 
a rise in the frequency of the second clock 215 occurs, 
the error signal 222 is output from the second monitoring 
counter 234. As a result, the error signal 222 is latched 
by the latch portion 240. 

[0227] Furthermore, when the clocks 21 4 and 21 5 are 
stopped, the clock abnormality detecting circuit 21 6 can 
detect their stoppage, but the watchdog timers 21 0 and 
21 1 become effective and forcibly reset them. Therefore, 
no dangerous condition is caused. 
[0228] By adopting the configuration described above, 
the necessity to use a dedicated clock for detecting a 
clock abnormality is eliminated, and detection of a clock 
abnormality is enabled while directly utilizing the clocks 
21 4 and 21 5 used for the CPU's 201 and 202 of the du- 
plexed system, so that effective utilization of hardware 
resources is made possible. Accordingly, it is possible to 
enhance reliability with a simple circuit arrangement. 
[0229] Further, since the preset data values of the 
counters 231 to 234 can be arbitrarily set, it is possible 
to detect a critical discrepancy in frequency as well. Thus, 
the operation delay time before the driving/controlling of 
the safety system equipment 206 can be shortened, and 
a design with enhanced security can be realized. 
[0230] Furthermore, since the fourcounters 231 to 234 
and the watchdog timers 21 0 and 21 1 are used in com- 
bination, it is possible to easily specify which one of the 
clocks 21 4 and 21 5 is affected by an abnormality involv- 
ing a rise in frequency. 

[0231 ] Next, the integrity checking function of the clock 
abnormality detecting circuit 21 6 is described. For exam- 
ple, when the test mode signal 217 is transmitted from 
the first CPU 201 to the clock abnormality detecting circuit 
216, the selector 235 makes a changeover to the test 
circuit and the first clock signal is multiplied in a first mul- 
tiplying circuit 236. That is, the first clock signal input to 
the first monitored counter 232 is deliberately made ab- 
normal. Thus, when the clock abnormality detecting cir- 
cuit 21 6 is normal, the error signal 221 is output from the 
first monitored counter 232. 

[0232] In the CPU 201 , therefore, the integrity of the 
clock abnormality detecting circuit 21 6 can be confirmed 
by receiving the error signal 221 in response to the trans- 
mission of the test mode signal 21 7. By the same token, 
the integrity of the second clock 21 5 side can be checked 
as well. 
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[0233] By adding the above-mentioned integrity 
checking function of the clock abnornnality detecting cir- 
cuit 21 6, detection of, for example, a failure such as the 
adhesion of a final output pin of the clock abnormality 
detecting circuit 21 6 to the normal side is permitted. This 5 
makes it possible to achieve a further enhancement of 
reliability. 

[0234] It should be noted herein that Fig. 33 is a sche- 
matic diagram showing an example of an elevator appa- 
ratus to which the elevator control apparatus of Fig. 31 io 
is applied. Referring to the figure, a drive unit (hoisting 
machine) 251 and a deflector pulley 252 are provided in 
an upper portion of a hoistway. The drive unit 251 has a 
drive sheave 251 a, and a motor portion (drive unit main 
body) 251 b that rotates the drive sheave 251 a. The motor 15 
portion 251 b is provided with an electromagnetic braking 
device that brakes rotation of the drive sheave 251 a. 
[0235] A main rope 253 is wound around the drive 
sheave 251 a and the deflectorpulley 252. Acar254 and 
a counterweight 255 are suspended within the hoistway 20 
by means of the main rope 253. 

[0236] A lower portion of the car 254 Is mounted with 
a mechanical safety gear 256 for stopping the car 254 
as an emergency measure by engaging a guide rail (not 
shown). A speed governor sheave 257 is arranged in the 25 
upper portion of the hoistway. A tension pulley 258 is 
arranged in a lower portion of the hoistway. A speed gov- 
ernor rope 259 is wound around the speed governor 
sheave 257 andthetension pulley 258. Both end portions 
of the speed governor rope 259 are connected to an ac- so 
tuating lever 256a of the safety gear 256. Accordingly, 
the speed governor sheave 257 is rotated at a speed 
corresponding to a traveling speed of the car 254. 
[0237] The speed governor sheave 257 is provided 
with the encoders 212 and 213 that output signals for 35 
detecting a position and a speed of the car 254. The 
signals from the encoders 212 and 213 are input to an 
elevator control apparatus 260. The elevator control ap- 
paratus 260 is similar in configuration to that of Fig. 31 . 
[0238] A speed governor rope gripping device (rope 40 
catch) 261 that grips the speed governor rope 259 and 
stops circulation thereof is provided in the upper portion 
of the hoistway (the speed governor sheave 257 and the 
vicinity thereof). The speed governor rope gripping de- 
vice 261 has a grip portion 261a that grips the speed 45 
governor rope 259, and an electromagnetic actuator 
261b that drives the grip portion 261a. 
[0239] When an actuation signal from the elevator con- 
trol apparatus 260 is input to the speed governor rope 
gripping device 261, the grip portion 261a is displaced 50 
by a driving force from the electromagnetic actuator 
261 b, and the speed governor rope 259 is stopped from 
moving. When the speed governor rope 259 is stopped, 
the actuating lever 256a is operated due to movement 
of the car 254, the safety gear 256 operates, and the car 55 
254 is quickly stopped. 

[0240] In the elevator apparatus described above, 
when an abnormality in the elevator such as an over- 



speed of the car 254 is detected, an actuation signal is 
input to the speed governor rope gripping device 261 so 
the car 254 is quickly stopped. 

[0241] Further, when an abnormality In a clock signal 

is detected by the clock abnormality detecting circuit 21 6 
of the elevator control apparatus 260, the elevator is shift- 
ed to a safe state. 

[0242] A method of shifting the elevator to the safe 
state may be a method in which the car 254 Is Immediately 

stopped by stopping rotation of the drive sheave 251a, 
a method in which the car 254 is quickly stopped by 
means of the speed governor rope gripping device 261 , 
or the like. Further, when it is possible to perform posi- 
tional control of the car 254 by means of the clock and 
the CPU on the side where no abnormality is detected, 
there is also a method available in which the car 254 is 
stopped after having been moved to the nearest floor by 
controlling the drive unit 251 . 

[0243] Although a duplex system circuit arrangement 
employing two CPU's Is described in Embodiment 17, It 
Is also possible to adopt a multiple-system circuit ar- 
rangement employing three or more CPU's. 
[0244] Further, although Embodiment 1 7 shows an ex- 
ample in which the common CPU' s control the control 
system equipment 203 and the safety system equipment 
206, a control portion for controlling the control system 
equipment and a control portion for controlling the safety 
system equipment may be provided separately. In this 
case, the clock abnormality detecting circuit of the 
present invention is applicable to at least one of the con- 
trol portion for the control system equipment and the con- 
trol portion for the safety system equipment. 



Claims 

1 . An elevator control apparatus comprising: 

a first processing portion and a second process- 
ing portion that perform calculations regarding 
control of an elevator according to a duplexed 
system; 

a first clock that transmits a first clock signal to 
the first processing portion; 
a second clock that transmits a second clock 
signal to the second processing portion; and 
a clock abnormality detecting circuit that detects 
abnormalities in the first clock signal and the 
second clock signal, the first clock signal and 
the second clock signal being input to the clock 
abnormality detecting circuit, 
wherein the clock abnormality detecting circuit 
counts numbers of pulses of the first clock signal 
and the second clock signal, and detects abnor- 
malities In the first clock signal and the second 
clock signal based on a difference between the 
numbers of the pulses. 
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An elevator control apparatus according to Claim 1 , 
wherein the clock abnormality detecting circuit com- 
prises a monitored counter that counts a number of 
pulses of one of the first clock signal and the second 
clock signal, and a monitoring counter that counts a 5 
number of pulses of the other of the first clock signal 
and the second clock signal, 
a preset data value that is a count value at a time of 
starting counting by the monitored counter is set larg- 
er than a preset data value that is a count value at io 
a time of starting counting by the monitoring counter, 
a count number of the monitored counter is reset 
when the monitoring counter carries over, and 
abnormalities in the first clock signal and the second 
clock signal are detected through carry-over of the 15 
monitored counter. 

An elevator control apparatus according to Claim 2, 
wherein the monitoring counter comprises a first 
monitoring counter that counts a number of pulses 20 
of the first clock signal, and a second monitoring 
counter that counts a number of pulses of the second 
clock signal, and 

the monitored counter comprises a first monitored 
counter that counts a number of pulses of the first 25 
clock signal, and a second monitored counter that 
counts a number of pulses of the second clocksignal. 

An elevator control apparatus according to Claim 2, 
wherein the preset data value of the monitoring coun- 30 
ter can be arbitrarily set. 

An elevator control apparatus according to Claim 2, 
wherein integrity of the clock abnormality detecting 
circuit can be confirmed by deliberately making a 35 
clock signal, which is input to the monitored counter, 
abnormal in a test mode. 

An elevator control apparatus according to Claim 5, 
wherein the clock abnormality detecting circuit com- 40 
prises a multiplying circuit that multiplies a clock sig- 
nal input to the monitored counter in the test mode. 
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